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PREFACE 



Thk older odontography or description of teeth treated each type as 
a distinct and perfect form in itself. Cuvier's (hlontographir /As 



of more or less comprehensive treatises in the pre-evolutionary spirit. 
They antedate the discovery of what may be called the ' new odonto- 
graphy/ which is based upon the unity of dental type, upon the 
evolution of the teeth of mammals from a common reptilian prototype, 
and which treats of each form in relation to its origin, its descent, its 
gradual complication, and the laws of analogous evolution or independent 
production of similar forms. 

The new odontography centres around the ' tritul>ereular theory' of 
Cope. This theory had wider acceptance ten years ago than it has 
to-dav : there has lieen a strong reaction against certain features of it on 
the part of many of the most able anatomists. This is partly due to 
misunderstanding, partly to the fact that all the evidence h;is never 
Iteen fully marshalled, partly to the discovery of new embryological 
and pala-ontological evidence which may disprove certain features of 
the theory : but chiefly to the fact that some of the most decisive 
and convincing palaontological evidence in support of the theory has 
not l>een clearly advanced. It is hoped that this collection of the 
contributions of the writer, with additional observations, illustrations, 
and data, and with a discussion of various other theories and criticisms 
will serve to convince the reader and student that the new odonto- 
graphy in its general principles rests upon an adequate basis of evidence 
and. while subject to modification in many details, marks a turning 
jwant in the science of the teeth. 



Mammifen s, (tiebels Oilonfotjmphir, Owen's (hhmtoijruphif are example 
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PREFACE 



The present volume treats only the primary evolution of the molar 
and premolar teeth of mammals, and is thus more restricted in scope 
than the admirahle 'Dental Anatomy' of Tomes which covers the teeth 
of the vertebrates generally. 

The writer is especially indebted to his assistant Mr. \Y. K. Gregory 
for invaluable assistance not only in bringing together and rearranging 
the essays and figures, but for many original suggestions, and for the 
critical /rsumt* of the opposing views which is set forth in the last 
chapter. 

HENRY FAIRFIELD OSBORN. 

CoLCMMA UNIVKRSITV AND 
AmKRICAN* Mt'SKCM OK N ATl'KAL HlSTuHV. 

September, 1907. 
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INTRODUCTION. 



The teeth are the hardest of the tissues, and, unlike other tissues, are 
not improved, but on the contrary constantly worn away and finally 
destroyed, by prolonged use. Yet they are also the most progressive 
of the tissues. For example, in the evolution of the horse, no other 
system of organs undergoes so profound a change as that of the teeth. 

The fitness which they present for every possible mode of capturing 
and eating fills volumes of the older works on descriptive anatomy and 
teleology, and is even now constantly disclosing new ami fascinating 
subjects for the study of adaptations. 

Because of their hardness the teeth are the most general Iv and 
perfectly preserved of all fossilized organs ; hence they are the especial 
guides and friends of the palaeontologist in his peculiar field of work 
from imperfect evidence. Thus it happens also that the palaeontologist 
has l>een obliged to study the teeth in more detail even than has l»een 
done by the comparative anatomist or zoologist. 

All this use of the teeth for teleological, descriptive, and taxonomic 
purposes is, however, entirely aside from the main purj>ose of the present 
volume, which is, to set forth the mode of evolution chiefly of the 
complex crowns of the molar teeth of mammals, how the main types 
originated, and how they can be compared with each other and with 
those of reptiles. The evolution is not, however, traced to its final 
modifications in the elaborate hypsodont and tul>ereular types, but only 
so far as the formation of the fundamental patterns. 

That comparison can Ik? made on a grand scale most attractive to 
the student, l>oth of homologies and analogies, is a recent discovery. 
It dates hick only to the year 1883, when what may 1*? called the 
law of tritul>erculy was discovered by Cope. 1 No harmony existed in 
our ideas and descriptions of the grinding teeth of mammals previous to 
that time, although Huxley in his discussion of the teeth of the Insec- 
tivora had anticipated the discovery of such a harmony. Many of 
the details and of the broader outlines of the law were either touched 

l Atntrica,t Xninmiirt, April IKS3, pp. 407 4«W. 
A 
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2 EVOLUTION OF MAMMALIAN MOLAR TEETH 

upon or fully discussed by the great comparative anatomist Cope, who 
dwelt, however, chiefly upon the basal Eocene stage. In 1887 the 
present writer took up the subject in the earlier Mesozoic stages of 
the evolution of the mammals, and in later years pursued it into the 
later Eocene and all subsequent Tertiary stages. 

The theory was everywhere welcomed as a decided advance on 
the old odontology and odontography, in which there was no unifying 
principle either of homologies or of nomenclature. It has been applied 
more or less throughout the whole class of mammalia, first in palaonto- 
logical, then in embryological and anatomical lines; but thus far only 
to a rather limited extent by zoologists, or students of living mammals, 
and, so far as the writer knows, still less by anthropologists. It has 
been critically examined, discussed, and either partly or wholly adopted, 
or entirely rejected as unproven, by various authors. 

The chief contributors to the development and critical examination 
of the theory are the following : 

From the paheontological standpoint, (.'ope, Osborn, Schlosser, Scott, 
Earle, Riitimeyer, Lydekker, v. Zittel, Ameghino, Goodrich, "Wortman, 
Smith "Woodward, Gidlev. 

Among the zoologists who have either advocated or opposed the 
theory are Lankester, Newton Parker, Fleischmann, H. Allen, Forsyth 
Major, I)yl>owski, Winge, Sims, Pcddard. 1 

Among anatomists, Schwalbe and Dwight have accepted the theory, 
while Howes failed to find sufficient evidence for it. 

The most influential opponents of certain features of the theory 
are those who have examined it emhryologically, namely, Kukenthal, 
Hose, Tucker, Leche, M. F. Woodward. 1 

Four distinct principles have been developed in connection with 
the general theory, as follows: 



I. Fiitsr Pkinc in.e. The Primitive Tuituheiutlah Type. 

The discovery of the oldest fauna of the age of mammals, or Tertiary 
period, near the Puerto Canon in Northwestern New Mexico, was 
announced by Professor Edward I). Cope in 1879. These small and 
strange fossil mammals exhibited a general similarity in all the molar or 
grinding teeth, even among animals which evidently had great diversity of 
feeding habits. This similarity consisted in the possession of three main 
tubercles on the crowns of both npjjrr and tomr molars, disposed i?i tri- 
angles* This was evidently a primitive type of molar tooth, and in 1883 

'These name* are placed in the general order in which the criticisms appeared. (See 
pp. 200 227.) 

*[In addition to the main tuhcrelcs there wen- often smaller cuspules, "styles "and 
"talons," hut the upper molars, of the Carnivores and Ungulates were all roughly speaking 
" trituhcreular,'' the lower molars all " tuherculo sectorial " or of plainly derived types.] 
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Professor Cope 1 appropriately named it the tritubercular type} By com- 
parison with the teeth of more recent animals, the further conclusion 
was reached that the tritubercular type was ancestral to many if not to all 
of the higher types of molar teeth. This is one of the most important 
generalizations ever made in mammalian comparative anatomy; it 
outranks in importance the proof of the primitive pentadactyl nature 
of the feet of hoofed animals. In the writer's opinion, the evidence in 
favour of it is so overwhelming that primitive trituberculy is no longer 
an hypothesis or a theory, but an established fact. In the accompany- 
ing table it will be seen that those orders in which generalized ancestral 
forms are positively known to possess trituljercular molar teeth (I) 
and those orders in which primitive tritubercular teeth or some of 
the immediately derivable types are occasionally observed, although 
the line of descent has not actually been traced (II), far outnumber 
those (HI) in which we must reason by analogy, because we have as 
yet no positive light on the descent of the teeth. 



I. 

Mammalian orders in which 
ancestral forms are posi- 
tively known, which exhibit 
tritubercular or plainly de- 
rived types of molars. 



Edentata Twniodonta 
(Ganodonta) (p. 151). 

Inseetivora primitiva 
(Mesozoic) (pp. 26-30). 

Inseetivora (p. 1 17). 

Marsupialia Polyproto- 
dontia (cf. Oligocene 
Perat fieri urn, p. H>9). 

Carnivora Creodonta (p. 
131). 

Carnivora Fissipedia (p. 
135). 

Tillodoutia (p. 151). 
Primates (p. 157). 
Amblypoda (e.g. Pauto- 

htmM'i n. 165). 
Condylarthra (e.g. Proto- 

yontxlon, p. 169). 
Artiodactyla (e.g. Trigono- 

h»te«, Homacodon, p. 

171). 

Perifisodactyla (e.g. Hyra- 
cotherium, Syntemodon, 
p. 174). 



IU 

Orders in which tritubercular 
or plainly derhrd types 
of molars are occasionally 
observed although the line 
of descent has not actually 
been traced. 



Marsupialia Di proto- 

doutia (p. 109). 
Rodentia Duplioidentata 

(p. 148). 
Rodentia Simplieidcn 

tata (p. 146). 



Ancylop«xla (cf. Se/rizo- 
ih' rium, Cludicotherium , 
(p. 184). 

Zeuglodontia (p. 191). 

Hyracoidca (p. 185). 

ProboMcidea (e.g. Mon- 
th en urn, p. 180). 

Silcnia (cf. Halitherium 
venmenite, p. 189). 

Toxodontia and other 
South American Ungu- 
lata (p. 189). 



Ill 

Orders in which we have as 
yet no positive light on the 
descent of the molars. 



All other Edentates (p. 
152). 

Monotreniata (p. 107). 
Multituberculata (p. 101). 
Cetacea H (p. 190). 
Carnivora Pinnipedia (p. 
143). 



1 American Xalumli*t, April, 1883, pp. 407-408. 

2 X. Ii. The lower molars generally show also a talonid or heel. 
'Zettglodon not included. 
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This main principle of the tritubercular theory has been widely but 
by no means universally accepted. Able comparative anatomists, chiefly 
Ameghino, Rose, Forsyth-Major, have urged against it that a molar 
tooth with a number of tubercles is still more primitive. According to 
this rival view, commonly known as the polybvny theory (iroXvv, 
many, /Sowoy, a hillock), the tritubercular type, even in the Cretaceous 
period, was the result of a secondary suppression of some of the numerous 
original tuliereles. This opposing view deserves fair consideration and 
a clear statement (see p. 205). 

This first generalization as to primitive twtuberculy in the later 
Mesozoic and Tertiary periods must be clearly distinguished from the 
following second generalization as to the earlier Mesozoic origin of 
tritubcrculy. 

II. Second Principle. The Origin of the Tritubercular Type 
from the Single Pkptilian Cone. 

Frofessor Cope's active and inquiring mind did not, however, stop 
at this point. He asked himself, " If the oldest Tertiary mammals 
exhibited a common tritubercular type, what do the mammals which 
lived during the Mesozoic period, or age of reptiles, show as to the 
origin of the tritul>ercular type ? " He had neither the time nor the 
material to enter thoroughly into this inquiry ; but he looked into 
Owen's memoir on Mesozoic mammals far enough to clearly perceive 
that the tritubercular type developed during the long Mesozoic period, 
from an ancestral reptilian type of tooth consisting only of a single 
cone or cusp. Therefore he made a second generalization : that the 
tritubercular type sprang from a single conical type by the addition of lateral 
denticles. " I have already shown," he says, 1 " that the greater number 
of the types of this series have derived the characters of their molar 
teeth from the stages of the following succession. First, a simple cone 
or reptilian crown, alternating with that of the other jaw. Second, 
a cone with lateral denticles. Third, the denticles to the inner side of 
the crown forming a three- sided prism, with tritubercular apex, which 
alternates with that of the opposite jaw." 

III. Third Principle. Cusp Audition or Differentiation. 

In the second generalization is, however, involved a third, which has 
also been the subject of wide diflerence of opinion, namely, the successive 
addition of new denticles, cuspules or smaller cones on the sides of the 
original reptilian cone ; this may lie simply known as the ensp addition 

iQriyin of tht Fittt«t, p. 347. 
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principle ; it is a process analogous to budding or outgrowth in other 
tissues. 

An opposed theory, advanced by Ameghino, Rose, and Kukenthal is 
that of concrescence, namely, that from an original large supply of conical 
reptilian teeth in the primitive longer jaws, and from the multiple 
succession or replacement of such teeth, the cones were clustered or 
grouped, by foul's or more, and thus arose respectively the quadri- 
tubercular, and multitubercular or polybunic types, the tritubercular 
and triconodont stages being secondary (Ameghino). 

IV. Fourth Principle. Reversed Upper and Lower Triangles. 

Still another or fourth principle, entirely distinct from the fore- 
going, is involved in the sentence quoted above, " Third, the denticles to 
the inner side of the crown [in the lower jaw] forming a three-sided 
prism, with tritubercular apex, which alternates with that of the 
opposite [or upper] jaw." This principle involves the theory which rests 
upon strong but perhaps not altogether conclusive pakeontological 
evidence (pp. 32, 43, 217) that in the lower molars the reptilian cone is 
ectcinml and the two denticles internal, while in the upper molars the reverse 
is the case, namely, the reptilian cone is internal and the denticles are 
external. This principle, if a true one, enables us to establish a kind of 
serial homology lx;tween the main primary cones and secondary denticles 
or cusps of the upper and lower teeth respectively. Oslwrn expressed 
such an homology in a system of nomenclature (protocone, paracone, 
metacone, etc.), which Professor Cope welcomed and accepted. 

According to this principle, the evolution and relation of both the 
upper and lower molars are those of a pair of reversed triangles in 
every stage above the protodont and triconodont; thus, it might l>e 
simply known as the trigonal theory; but since it was based by Cope 
and the writer entirely upon the evidence afforded by the Mesozoic 
molar teeth, it may be more strictly termed the * paj./Koxtological 
theory.' 

As applied to the upper molars, this theory and the homologies it 
involves with the lower molars have l>een far more vigorously and 
generally opjwsed than either of the other principles ; in fact, the chief 
weight of opinion has now gathered against it from three different 
clashes of positive evidence, namely, embryological, anatomical, and 
paheontological by comparison with premolar evolution, also from the 
negative argument that the evidence at hand among the Mesozoic 
mammals does not demonstrate the principle in the upper teeth. 

The theory opposing the paheontological theory in morphological 
contrast first sprang from embryological evidence, and may, therefore, 



Digitized by Google 



6 



EVOLUTION OK MAMMALIAN MOLAR TEKTH 



be known as the ' EMBRYOLOG1CAL THBOBT.' It is another instance of 
the apparent conflict between pala-ontologieal and embryological evidence 
as witnesses of the ancient order of development. The final verdict, 
therefore, will lie most interesting. Briefly, the einbryologists, especially 
Rose, Taeker, Kiikenthal, M. F. Woodward, Marett Tims, have shown 
that in the upper molars the cusp which Cope and Osl>om assert to 
be the oldest, is, on the contrary, later in development than the paraeone. 



f er of Cusp Development 




Fi<». 1. Order of <u»j> development ns iitUM< A liy Kmhryology (fide Hone) (left-hand 
numerala) ami liy Palnoatologv (fide OhIku-ji) (right-hand numtml«). Typical (synthetic) 
dentition i if Man, from Sclenka. (The jumuonid in nut represented in human niolura. 
Sec p. » and Fig. 38.) 

and therefore (?) not. the oldest paheontologically. The oldest upper cusp, 
according to the 'embryological theory,' is the an tern-external cusp 
(paracolic), and this is homologous with the reptilian cone; from this 
there is a slowly evolving triangle in the Upper molars , according to 
the .same authorities the reptilian cone is, however, central or apical 
in the lower teeth, embryology oolite agreeing with palaontology. From 
this it would follow that the only serial homologies which can properly 
be established are those between the lower ami upper reptilian cones. 

The embryological theory, in brief, is to the effect that while in (he 
lower molars the central reptilian cone remained external anrf the tico 
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denticles arose internally, forming a triangle, in the upper molars the 
reptilian cone remained at the ajUero-cdcrnal angle and the two denticles 
arose on the inner and posterior sides. 

It will thus be seen that the difference between the pal; tautological 
and embryologieal theories is radical. The latter finds not only strong 
support but a l>eautiful illustration by analogy in the normal modes 
of evolution of the simple premolar teeth into the complex molar 
type (see pages 194-200). It is developed in what may be termed the 
' Premolar-Axalogy ' theory. 

The accompanying figure clearly demonstrates the fundamental 
difference between these theories. There is no middle ground between 
them. If the premolar analogy be correct, the Osbornian cusp homo 
logies of the upper teeth are of less value, but the homological nomenclature 
should be retained for convenience fa-cause it has found Us way so largely 
into literature. 

Although the writer has devoted a vast amount of time and study 
to the development of the ' palanmtological theory,' and is personally 
inclined to l>elieve in its tenability, there is no denying the great force 
of the objections which have been urged against it and the need of 
substantial proof from the early Mesozoic mammals, even in addition 
to that which is freshly adduced in the present work. The arguments 
pro and con are, therefore, partly stated in course of these collected essays, 
and especially brought together in the new chapter IX. at the close. 

Origin of the Triangle. 

An important feature of the fourth principle is the position and mode 
of origin of the cusps of the triangle. 

Four different modes of origin have been suggested : 

The Jirst suggestion is that the triangle originated as such, the 
denticles appearing from the outset on the inner and outer sides 
respectively of the lower and upper cones. 

The second suggestion is that the denticles first arose on the anterior 
and posterior sides of the reptilian cone, and were secondarily rotated 
inwards and outwards respectively ; the latter is known as the ' cusp 
rotation' theory, or rather hypothesis. 

Osborn 1 set forth both the above modes guardedly in the following 
language : 

" There can be no doubt that the cusps seen upon the inner face 
of the inferior molars of this genus [Spalacothcrium] are homologous 
with the para- and meta-cones, and there are several facts which 

1 "The Structure and Classification of the Mesozoic Mammalia," Jour. Acad. Xat. Sri., 
Phila., Vol. IX., No. 2, July, 1888, \>. 243. 
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support Cope's hypothesis 1 that they represent a stage of inward 
rotation of cusps which were at an earlier stage in the same fore an<l 
aft line with the main cusp. These are, that in Phascolothtrium the 
lateral cones arc seen to be slightly internal to the main cone, so that 
their median slopes descend upon the inner face; in Tinodun, of a 
later geological period, this disposition is slightly more pronounced : in 
Menacmion it is still more market!, hut less so than in Sjxttacotheriu?n. 
These genera, although evidently in two different lines of descent, afford 
the desired transition stages. The Sjmlacothcrium [Peralestes] molar as 
seen from above'" has a striking resemblance to the anterior sectorial 
triangle of the Stypolophus or Didymictis molar of the Puerco. It is, 
in fact, sub-triangular, the superior molars probably having the lateral 
cones rotated outwards, so that the upper molars form an alternating 
series, the ridges connecting the main and later cones acting as 
sectorial blades." Again, in the "Evolution of Mammalian Molars to 
and from the Tritubercular " type, Osborn pointed out {Amer. Naturalist, 
Dec., 1888, p. 1075) that "it has been assumed by Cope and the 
writer (op. ext., p. 243) that the para- and meta-conids were first 
formed upon the anterior and posterior slopes of the protoconid and 
then rotated inwards, but it is also passible that they were originally 
formed upon the inner slopes." Theie is thus evidence for cusp 
rotation, but it is not an essential part of the tritubercular theory, 
because, as above stated, the denticles may have arisen on the inner 
and outer sides of the cone from the outset (see p. 33). 

The third- suggestion is that after the main cone had been estab- 
lished the lateral cusps or denticles arose as eimjulcs on the broad 
external cingulum of the upper molars and from the broad internal 
eingulum of the lower molars. This hypothesis, suggested by Osborn 
{Mi.smoic Mamm., p. 245) from a study of the molar teeth of the 
Jurassic Amblotheriiche, has been supported by the observations of 
Gregory. The comparison of the molar teeth of such forms as 
AmUotherium, Phascolestes, Dryolcstes (see pp. 20, 30), lends support to 
this view, which is more fully discussed on page 33 (footnote). 

The fourth suggestion or hypothesis is the newest: it springs from 
embryologieal evidence (Woodward, Tims) ami from another interpreta- 
tion of the paheontologieal evidence (Gidley). It ends with the idea 
that the oldest cone in the upper molars is the paracone (of Osborn) 
on the outer side of the crown, from it extends inward a broad ledge 
like a heel which finally rises up and secondarily forms the prominent 
protocone (of Osborn). According to this hypothesis the paracone is 
the primary (or reptilian cone), the protocone is secondary or a deriva- 

1 "The Cmxlonta," Aimricmi Xntumtitt, 1HS4, p. 259. 
5 0«vn, Thf Mtsozoic Mammalia, Plate I., Fig. 32c. 
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tive cone. This hypothesis accords with the embryologies! theory and 
the premolar analogy theory. 

It is quite possible that the tritubercular or triangular stage arose 
independently in different groups of animals, by two or possibly three 
different modes of origin, as outlined in the four suggestions above 
advanced, on the principle of convergence of similar forms from dis- 
similar beginnings. This, however, does not invalidate the theory of 
the passage of the majority if not of all the higher mammalia through 
the tritubercular stage, however arrived at. 

Summary. 

To sum up, it must be clearly re-stated that the four great principles 
of molar evolution do not stand or /all together. The first or primitive 
trituberculy principle is now almost undeniable for the majority of 
mammals ; entirely apart from the disputed question of the original 
homology of the cusps of the upper and lower teeth, there is no 
question whatever as to the beautiful and almost incredible homo- 
logies between the cusps of the molar teeth in the most diverse orders 



Fio. 2. Two divergent derivative* of the tritubercular molar pattern. Right-hand 
figure, a grinding molar of the modern horse ; left-hand figure, a sectorial molar of a Flesh- 
eating mammal (Oxytmn) of the Eocene Period. 

of mammals. The upper camassial of the Carnivora and the upper 
molars of the Equidic, for example, are types adaptively so far apart, 
it is small wonder the older odontologists did not even suspect the 
existence of homogeny or common derivation, through which we can now 
compare cusp for cusp. The reptilian emu- origin theory is next in 



order of demonstration and acceptance ; it has recently gained strength 
by the very general admission that the Theriodont reptiles are at 
least nearly ancestral to the mammals. The cusp addition theory also 
finds more advocates at present than the concrescence theory, and rests 
upon indisputable evidence. Finally, the greatest conflict of evidence 
exists between the Cope-Osborn palttontological and the embryological 
plus premolar-analogy theories of the homologies of the upper and 
lower cusps (see pp. 208-227). 
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Ahhanuement of this Volume. 

The writer became interested in trituberculy while attempting to 
monograph the Mesozoic mammals ; in course of this work many Dew 
ideas came out, and many other ideas arose, apparently new, which 
the writer subsequently found by more extensive reading had already 
occurred to Professor Cope, and had been expressed in out-of-the-way 
and unlooked-for places. 

The writer thus had the opportunity of fully developing the Mesozoic 
origin of trituberculy, a part which Professor (.'ope had been obliged 
to leave in the stage of suggestion. Subsequently the writer took up 
the molar teeth of the monkeys and lemurs, and then of the hoofed 
animals, which strangely enough form a perfect morphological succes- 
sion of types, and thus enjoyed the opportunity of working out what 
might l>e called the secondary and tertiary addition, suppression, or 
modification of cusps as illustrated in the modern Carnivores ami 
Ungulates. These papers are republished here in chronological order 
with editorial notes. All corrections and insertions by the Editor are 
indicated in [ ] bracket*. All figure references are to figures as arranged 
and numl>ered in this volume. The original pagination of the reprinted 
essays is not given. 

Certain of the more purely philosophical ami biological questions, 
as distinguished from the anatomical, that is, matters of causation and 
of evolution theory, are touched upon at one or two points in these 
pages, but are more fully treated in another volume of these collected 
papers, entitled Jieetiyrattations in Evolution (cf. pp. 228-239). 

i 

i 

i 
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CLASSIFICATION OF THE MAMMALIA ADOPTED IN 

THIS BOOK 

(Seo especially jxiges 91-192). 

Class MAMMALIA Lixn.kus 

Sub-class 1. PROTOTHERIA Gill (egg laying mammals) 
Infra-class. Orxithodelphia De Blainville 

? Order : *Protodonta Osborn (Of uncertain systematic position) 

(P- 18.) 
Dromatherium 
Microconwton 

Order: Monotremata Geoffroy Saint Hilaire (p. 105.) 

Omithorhynch i's 
Ech iffna 

? Order : * Allotheria Marsh (Multituberculata Cope), of un- 
certain systematic position (p. 101.) 
Examples 
Playianlax 
Polymwitotlon 
Tritylodon 
Microlesks 

Sub-class 2." EUTHEBIA Gill (Viviparous mammals) 

Infra-class 1. Didelphia De Blainville (Metatheria Huxley) 

? Order : A *Triconodonta Osborn (Of uncertain systematic posi- 
tion, usually regarded as carnivorous 
Marsupials) (p. 21.) 
Example* 
Ampkilvstes 
Triconoilon 

Order: Marsupialia Illiger (Vouched mammals) (p. 108.) 

Sub-order: Polyprotodontia Owen 
Examples 

Opossums (Di</i lp/iys) 
Dasvures 
Thvlacvnes, etc. 
The asterisk (*) denotes an entirely extinct order. 

.' 
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Sub-order: Diprotodontia Owen (j>. 109.) 
Examples 
Kangaroos 
Phalangers, etc. 

Infra-class 2. Monodelphia De Blainville (Placentalia of authors, 

Eutheria Huxley) 

Order: * Panto theria Marsh (Tritulierculata Osborn, Insectivora 

Primitiva Os.) (p. 22.) 

Examples 
Amphithcrium 
Dryolestes 
Amblotherium 

Order: Insectivora Cuvier (p. 117.) 
Examples 
Moles 
Shrews 

True Hedgehog {Erinaccus) 
Tenrees (Centctcs), etc. 

Order : Dermoptera Illiger 

" Flying-lemur " {Galcopithmis) 
Order: Cheiroptera Blunienbach (p. 129.) 

Sub-order : Megacheiro p t e r a Dobson 
Pteropodida' (fruit bats) 

Sub-order : M i c r o c h e i r o p tera Dobson 
Examples 
Vespertilios 
Vampires 
Nose-leafs, etc. 

Order: Ferae Linn.eus (Carnivore of authors) (p. 131.) 

* Sub-order : (.'re o d o n t a C o p e (p. 132.) 
Examples 
Patriufdui 
Hycrnodou 

Sub-order : F i s s i p e d i a F 1 owe r (Carnivora Vera Flower) 

fp. i3:».) 

Examples 
Cats ( FelicUe) 
Civets (Viverridii ) 
Hyanas (Iiy;enid;e) 

* Extinct. 



Digitized by Go 



CLASSIFICATION OF THE MAMMALIA 13 

Dogs (Canida*) 
Raccoons (Procyonida*) 
Bears (Ursidje) 
Mustelines (Mustelidie) 

Sub order : 1* i n n i p e d i a (p. 143.) 

Eared or Fur seals (Otariida*) 
Walruses (Odobamida*) 
Earless seals (Phocida*) 

Order: *Proglires Osboni (of uncertain relationships) (p. 145.) 
Example 

Mixodectes 

Order : Rodentia Vicq d'Azyr (p. 1 44.) 

2 Example* 

g Squirrels (Sciurid<e) 

Beavers (Castoridie) 
Iiats (Murida') 

Porcupines, Cavies, etc. (Hystricomorpha) 

^ Order: Tillodontia Marsh (p. 151.) 

Examples 

3 J Tillotherium 
s \ Esthon ux 



tc 



Order: Taeniodonta Cope (Ganodonta Wortman, possibly 

related to the Edentates) (p. 151.) 
Example* 



3 Hcmiganiis 
£ Psitlacotherium 

Calamodon 

Order: Edentata (Vicq d'Azyr) (Xenarthra Gill) American 

Edentates (p. 151.) 
Examples 
Ant l)ears (Myrmecophagida 4 ) 
Ground Sloths (Megatheriida*) 
Sloths ( Brady podiiue) 
Armadillos ( J )asypodida-) 
Glyptodonts (Glyptodontida*) 

Order : Pholidota Weber 

Manis (Scaly Anteater) 
Onler: Tnbulidentata Flower (p. 152.) 

Orycteropu s A an I - Vaark 
V * Extinct. 
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r Order: Primates Linmeus (p. 157.) 

Sub-order : *M e s o d o n t a C o p e (American lemuroids) 
Examples 
Nothardus 
Anuptomorphus 

Sub-order : L e m u r o i d e a M i v a r t 
Example* 
Lemurs 
Galagos 

Aye-Aye (Cheiromys) 
c J Tarsier, etc. 

Sub-order : Ant h r o p o idea Mivart 

I. South American or Platyrrhine monkeys 

Marmosets (Hapaliihe) 
Capuchins, etc. (Cebida*) 

II. Old World or Catarrhine monkeys 

Baboons, Apes (Cercnpitheeidie) 
True Monkeys (Semnopithecida') 
Anthropoid apes (Simiida-, Gibbon, Gorilla, Chim- 
panzee) 
Man (Hominida) 



s 

- 
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' Order: *Condylarthra Cope (p. 168.) 
Examples 

Protvffonodon 
Ettprotof/onui 
P/tcnacodwt 

Order: * Amblypoda Cope (p. 164.) 
Examples 

Pm'ptychns 
Patitn/amfn/a 
Corypfaxlon 



rt I Uindtthrriinn 



re 



c 



Order: Artiodactyla Owen <" even-toed " hoofed mammals) (p. 

171.) 
Examples 
Pi^s (Sun he) 

Hippopotami (Hippopotamidaj) 
Deer (Cervida) 
GirafVcs (GiraHida/) 

* Extinct. 
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Pronghorn Antelope (Antilocapridte) 
Sheep \ 




Oxen J 
Camels (Camelidie) 
Oreodonts (Orcodontulie) 
Tragulines or Chevrotains (Tragulida?) 



Order: Perissodactyla Owen ("odd -toed" hoofed mammals) (p. 



Examples 
Tapirs (Tapiridie) 
Horses (Equid«e) 
Paheotheres (Paheotheriidic) 
Titanothcres (Titanotheriida) 
Lophiodonts ( I,ophiodontid;c) 
Pdiinoeeroses (Khinocerotidu-) 



? Order: *Ancylopoda Cope (probably an early Eocene offshoot 

of the Perissodactyla) (p. 184.) 

Examples 
Mac rot Jn rium 
Chalicothcriv.m 

Order: Proboscidea llliger (p. 186.) 

Example* 
Mairithrrium 
Diaoth* rium 



Elrphm (Asiatic and African Elephants, Mammoths) 
Order: Sirenia llliger (p. 188.) 



Order: *Embrithopoda Andrews (Parypoda Andrews) 



Order: Hyracoidea Huxley (p. 18.".) 

Dassies (Hyra.r. the Coney of the scriptures) 
Mcf/aloJn/ra.c, etc. 



174.) 



Mast o<1 oil 



Examples 
Manatees (Trichechidie) 
1) ug( >ngs ( Hal ichorida •) 
Rhythm (Phytinid;c) 



Artinoith, rium 



* Extinct. 
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f Super-order: Notunoulata (Roth) Scott (South American 

Ungulates) (p. 189.) 

Order I. *Toxodontia (Owen) Scott 
Sub-order 1. 'Toxodontia Scott 
Example* 
Taxation 

Sub-order 2. * T y p o t li e r i a Zittel 

Examples 

Pachyruco* 
Icoch-Um 
Typothrrivm 

Sub-order 3. * H o ni a 1 o d o t h e r i a Scott 
Homalodontothcrium 



— 
- 



Order II. * Aatrapotheria (Aiueghino) 
Astra pothiriion 

Order III. *Litopterna Ameghino (p. 189.) 
Protrrotlurium 
Macrauchcma 

Order : Pyrotheria Ameghino (short-footed South American 

Ungulates) 
Pi/rothi riinn 

Order: *Zeuglodontia Van Beneden (p. 191.) 
Examples 
Protocctus 
Zenylodon 

Order: Odontoceti Gray (toothed whales) (p. 190.) 
Sipialodonts (Stpialodontida-) 
Fluviatile dolphins (Platanistida?) 
? j Dolphins (Delphinidii*) 

* llelu"as I 

x , °. ' }(l)elphinapterid;i') 
.Narwhals I 

Beaked whales (Ziphiida-) 
Sperm whales (Physeterida) 

Order: Mystacoceti Gray 

Whalebone whales (Balanida) 
L'ight whales {Bake no) 
Humpbacked whales (Mtyapfcra) 
Finbacked whales {Bala nopt era) 

♦ Extinct. 
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CHEAT PLAINS SECTION 



PLEISTOCENE 



PLIOCENE 



MIOCENE 



OREGON SECTION 




Bifffl 



Aiosra^ 



OUGOCENE 



UTAH SECTION 



WYOMING SECTION 
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AREEM K I VfRV EOCENE 



MONTANA SECTION 





/V£tV MEXICO SECTION . 




CRETACEOUS 




' WASATCH' 




- LARAMIE"! 



Fi.i. 2a. -Diagram sliowiiitf the chronological and •trutltfntphlc Micwwion of the Crohu-oous, 
Tertiary and Pleistocene formations of the western »Uten, iu whicb fo»»il iuaium.il* are found. 
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CHAPTER 1. 

THK TRANSITION FROM THE REPTILIAN TO THE MOST PRIMITIVE 
MAMMALIAN TEETH. BEGINNINGS OF THE NOMENCLATIVE. 

1. 

The Titer Ttuassic Mammals, Dhomathekium and Mickoconodon. 

[Rrjtrintctl.] 

(Read l>efore tlie American Philosophical Society, April 15th, 1S87. Published in the 

Proof In,./*, 1887, p. 10U.) 

The mammalian jaws 1 discovered by Professor Emmons in the Cpper 
Triassic beds of North Carolina, and aseril>ed to a single genus. Droma- 
thrnum, were recently examined l>y the writer and found to belong to 
senarate genera. The type mandible of Dr»math< rium is preserved in the 
Williams College Museum, and i lifters widely from the inaudible preserved 
in the Museum of the Philadelphia Academy. These differences have 
already been pointed out. 2 but require to be more fully stated, as both 
Professors Marsh and Cope have expressed doubts as to the distinct 
separation of these genera. The accompanying lithographic figures bring 
out the characteristic features of these mandibles much more fullv than 
in the pen drawings which accompanied my earlier description. 

In many respects these genera agree with each other, and stand 
separate from the Jurassic mammals of both England and America. 
Their is, first, a considerable diastema behind the canine, a very rare 
feature in the division of Mesozoie mammals to which these genera 
belong, although always present in the division to which Pfar/iati/tu and 
its allies belong, viz., the sub-order M nil it oh, roihiia Cope. 

'[The chief reason for considering these jaws mammalian is that they are composed of a 
single bone, there heing no evidence of the separation into dentary, articular, and angular 
element*, as in the jaws of reptiles. H.F.O. Xoronfur. 1!MM.] 

2 I'i iv uliii'j* of >l» A-'o'l'Viijof Suluntl S< in«* « of Philnf/tfphia, 1886, p. Xi\K I find 
upon a second examination of Prof. Kmmons' original figure, that I unintentionally criticised 
it to*> severely in the former article, p. .'{."»!♦. While far from accurate, the figure is not so 
misleading as' I at first supposed. 
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Dromatherium has three premolars and seven molars, but the number 
in Mtcroconodon is quite uncertain, as only four of the series are preserved. 
The molars agree in one particular, which separates them widely from 
other Mesozoic genera, viz., in the imperfect division of the fangs. This 
division is indicated merely by a depression at the base of the crown, as 
in the genus Dhnttnu/on, among the Theromorph * reptiles. 



■- 




Kio. •*!. No. 1. ,W<e. <*v><<n./o« tnutrottrit. The outer mirfac-c of the ritfht niandihular ramu*. 
I'lihuwl, The two |.r.ni. - )•!•».! v.-.| ,<i- the tii-t itii'l thiol, with the f.uijc »i the second 
hetwecli. Thi »|«U'e behind (he third wn- ... ,■•,}•',, .| eithei hy .1 fourth |>reiii>ilni mid the tit.' 
molar, ur hy the first 11ml seonii! molars. The molars preserved are, therefore, either the sceond 
and fourth, or the third and fifth. The dotted outlines are purely conjectural. 

In. The xauie, natural size. I'.. The fourth or fifth molar, much enlarged. 

No. 2. Ih onfti,, ritttH t;ii rtstn . The Inner surface of the left inandihular ramus, enlarged. 
2a. The Maine, natural ■to, The accond molar, nucfa enlarged. 

Abhrkviations. — n. Annie; f, canine: en. condyle; er, coronoid ; t, incisor* i mp. mylohyoid 
groove t ; M. molars ; n. premolar*. 

In all other respects these mandibular rami dill'er widely. The Micro* 
eonodon ramus is two-thirds the length of that of Dromatherium ; it is 
flattened and slender, with a nearly Straight lower border beneath the 
molar alveoli, and a characteristic depression of the Wilder which possibly 
represents the angle of the jaw, as in Prof. Owen's genus Pi ramus (Fig. 16.) 
The coronoid process is low and the vertical diameter of the jaw at this 
point is very narrow. This ramus offers a great contrast to that of 

* [Dim'.troiioii is now classified with the SphtnodoH' like reptiles. — Ed.] 
t[Now believed to l>e the groove for Meckel's cartilage. — El>] 
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Dnnnatherium, which is very stout and convex with a thick lower border, 
projecting widely from the matrix, an elevated coronoid process, while the 
curvature of the lower Ixmler is unbroken by any downward projection. 
If these differences may lie given merely a specific value, and attributed 
in part to the fact that the Microconoiloa jaw is seen upon the outer 
surface, and that of Diomathrrium upon the inner surface, let us compare 
closely the teeth in the two genera. Unfortunately the canine and 
incisors of the Mirroconotlon ramus are wanting. We first observe that 
the premolars of Dromathcritrm are styloid and procumbent; if erect 
they would rise above the level of the molars ; they have no trace of a 
cingulum. In the other genus the premolars are subcorneal, and, although 
erect, they do not reach the level of the molar tips : they show a faint 
posterior cingulum, and the third premolar has the same evidence of a 
division of the fang which is seen in the molars, while in Diomathrrium 
there is no trace of such a depression, but a distinct groove on the 
postero- internal face of the tooth reaching nearly to the summit. The 
molars of Dromalhcrium are narrow ami lofty; the general pattern of the 
crown consists of a single main cone with a high anterior and lower 
posterior accessory cusp upon its slopes; but these cusps are very irregular 
in disposition. For example, in the second molar there are two anterior 
cusps ; in the third molar the posterior cusp is nearly as large as the 
main cusp ; in the fifth molar there is a trace of a postero-external cusp ; 
in the last molar both the anterior and posterior cusps are distinctly bifid 
at the tip. In Micro* omxhrn, on the other hand, the molars are com- 
paratively low and broad, with a low anterior and higher posterior 
accessory cusp: these cusps are regular and very prominent: there is also 
a well-marked posterior cingulum, which cannot be distinguished in the 
corresponding molars of the other genus. 

Although the two posterior molars are wanting in Muromm»k> t i, the 
rise of the coronoid probably marks the position of the last molar; taking 
this estimate of the posterior point of the molar-premolar series and 
comparing it with the length of the series in Dwnmthrrium, we find that 
while the ramus of one genus is only two-thirds the length of the other, 
the total space occupied by the molar-premolar series is very nearly the 
same. Estimated in another way, the molar-premolar series of Micro- 
coionhui is a little less than one-half the entire length of the jaw ( iY), 
while that of the other genus is exactly one-third the length of the jaw. 
This discrepancy is due to the difference in the proportions of the molars: 
in one genus they are low and broad at the base, in the other they are 
unusually high and compressed. 

It is difficult at present to assign any systematic position to either of 
these genera. Dromathrium is entirely unlike any known mammal, 
fossil or recent, The form of the molars is extremely primitive both in 
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respect to the incomplete separation of the fangs and the remarkable 
variations in the number and size of the accesso r \ molar cusps. In fact 
the molars appear to be in what may In? called an experimental stage of 
structure. The accessory cusps are sometimes large and distinct, as in 
the third true molar; sometimes minute as needle points, as in the 
second molar. The incomplete separation of the fangs is a reptilian 
character, which when correlated with the styloid premolars and recurved 
canine- incisor series, places Dromntlu rium very remote from any of the 
known Mesozoic mammals. Micnwncuhn, on the other hand, is of a 
somewhat more recent type, the premolars have the trace of a low 
posterior heel, and the molars have that regular tricuspid division of the 
crown which is first observed in the genus Aniphil eaten (Fig. 5) of the 
English Lower Jurassic and characterizes a large number of the Jurassic 
mammals. 

2. 

A New Classification of thk Mesozoic Mammals. 

[In order to make the following section clearer we insert here a brief 
classification of the Mesozoic (Lower and L'pj>er Jurassic) mammals of 
the orders Triconodonta and Pantotheria (Trituberculata). — Ed.] 

A. Infra-class Marsupialia. 

1. Order: Triconodonta Osbokx. 

1. Family: Tkicoxodoxtid.k Mahsh. 

Probably carnivorous pro-Marsupials. Molars with three stout crest 
cusps, the anterior and posterior cusps derived from the crown, and 
a strong internal cingulum, rising into anterior, median and posterior 
prominences. Opposition of upper and lower molars subtrenchant. 
Postcanine teeth 7 to 11, usually 7. Angle of jaw inflected. Coronoid 
broad, recurved. 

a. Subfamily AmphUeatiiue Osborn. 

Lower Jurassic. Anterior and posterior cusps of molars much lower 
than middle cusps, all three cusps being in the same fore-and-aft line. 
Postcanine teeth 9-11. Angle distinct in outside view. Mandible rather 
slender. 

Genus Amphileatea. Lower Jurassic (Stonesfield Slate), England. 
Figs. 4 (No. 1), 5. 
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b. Sid family Triconodontina: Osborn. 

Upper Jurassic* Anterior and posterior cusps of molars progressively 
increasing in size, finally equalling the middle cusps. All three cusps in 
line. Postcanine teeth 7. Angle not seen in outer, side view. Canines 
erect and piercing. Mandible stout. 

1. Tricon* Ion Upper Jurassic* England (Middle Purbeck Beds). 
Figs. 11, 11a. 

2. Priacodmi (probably a synonym of Triconodon), Upper Jurassic 
(Como Beds), Wyoming. Fig. 8. 

3. Triacanthodon, Upper Jurassic * (Middle Purbeck Beds), England. 
Fig. 7. 

c. Subfamily Phascolotkeriinoo Osborn. 

Lower and Upper Jurassic. Anterior and posterior cusps of lower 
molars progressively shifting to inner slopes of central cusps. Postcanine 
teeth 7. Premolars and molars alike (or premolars greatly reduced in 
numl>et). Angle not seen in outer side view. 

1. Phaacolothcrinm, Lower Jurassic (Stonesfield Slate), England. 
Figs. 4 (Xo. 3). 0. 

2. Tinodon, Upper Jurassic* (Como Beds), Wyoming. Fig. 10. 

Intekt.e Ski us. 

d. Subfamily Spalacotluriiiuv Osborn. 

Upper Jurassic. Molars with large central cusp and two smaller 
cusps somewhat internal to it. Premolars and molars unlike (or pre- 
molars not greatly reduced in number). Angle not seen in outer side 
view. Postcanine teeth 7-10. Mandible slender. 

Spafacotherium, Upper Jurassic* (Middle Purbeck Beds), England. 
Fig. 11. 

3f( narrnlon, Upper Jurassic (Como Beds), Wyoming. Fig. 9. 
Prralcstis, Upper Jurassic* (Middle Purbeck Beds), England. 

B. Infra-class Placentalia. 

OliDEK: PANTOTIIEltIA MviiSll (TlUTl'HKIUTI.ATA OsBOlCN). 

Pioluibly insectivorous pro-placentals. angle of mandible not inflected, 
lower molars primitively of the tuboreulo-seetorial type, with a central 
external and three internal cusps, pa' 1 , me d , hy d , the latter probably 
derived from the internal ciiigulum. Upper molars subtriangular, the 

'[Throughout this I took the l'urlteek Beds of England and the Como or Atlautosaums 
Beds of Wyoming are called Upper Jurassic, hut English and Continental geologists now 
regard them aa Lower Cretaceous in age. — Ku.] 
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trigon reversing the pattern of lower molars, the accessory cusps being 
on the outer side of the main or internal cusp, probably also derived 
from the cingulum. Molars progressively styloid and piercing, often 
with recurved tips. Lower incisors typically procumbent, spatulate, 
p s and especially p 4 typically larger than in v erect and piercing 
Postcanine teeth usually 11 (p 4, m 7). 

1. Family AmphitheriitUv Owen. 

Lower and Upper Jurassic. Lower molars tuberculosectorial bifanged, 
incisors more erect. Condyle low, coronoid broad, angle well rounded 
below, sharply depressed. Postcanine teeth 9-12. Incisors more erect. 

Amphithcrium, Lower Jurassic (Stonesfield Slate), England. Figs. 
15, 17. 

Amphitylus, Lower Jurassic (Stonesfield Slate), England. Fig. 4 
<No. 2). 

Pcramus, Leptocladus, Upper Jurassic (Purl>eck Beds), England. Figs. 
18, 26. 

2. Family Amblothrriu/ff Osborii or Stylacodontidce Marsh. 

Upper Jurassic. Molars progressively styloid anil piercing, finally 
with single fang, canine with single fang. Coronoid more slender. 
Angle small, continuous with lower contour of mandible. Mandible 
graceful and slender. Incisors procumbent, spatulate. P 3 , p 4 larger 
than m r Postcanine teeth 11-12. 

1. Amblothcrium (Upper molars = ? Peralestes) Upper Jurassic (Pur- 

beck Beds), England. Figs. 11, 23. 

2. Peraspala.c, Upper Jurassic * (Purbeck Beds), England. Figs. 
4 (No. 9), 22. 

3. Achyrodon, Upper Jurassic* (Purbeck Beds), England. Fig. 24. 

4. FkcuscoUMes, Upper Jurassic* (Como), Wyoming. Figs. 31-34. 
Hryole&tes (probably a synonym of Phascolcstcs). 

5. Laodon, Upper Jurassic* (Como Beds), Wyoming. Fig. 30. 

6. Stylodon (Upper uiolars = i Kur todon). Fig. 29. 

Stylacodon, Upper Jurassic* (Como), Wyoming (a synonym of 
Stylodon () 

7. Asthcrwdon, Upper Jurassic * (Como), Wyoming. Fig. 35. 

3. Family Paurodontuler Marsh. 

Upper Jurassic. Molars feebly tuberculo-sectorial, that is, with 
accessory cusps poorly developed. Molars bifanged. Postcanine teeth 6. 
Mandible very short and stout. 

•See note on page 22. 
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Paurodon Marsh, Upper Jurassic* (Como), Wyoming. Some approach 
toward these distinctive characters is made by Achyrodon of the Amblo- 
theriidii- (Stylaeodontida), from early members of which family Paurodon 
may have descended. Fig. 26. 

4. Family Diplocynotloiitido: Marsh. 

Upper Jurassic. Upper molars with large crushing protocol ies ; 
lower molars with very broad basin-shaped talonids. 

Diplocynodon, Upper Jurassic* (Como Beds), Wyoming. Fig. 20. 
Doeodon, Upper .Jurassic* (Como Beds), Wyoming. Fig. 21. 
Enneodon, Upper Jurassic* (Como Beds) Wyoming. 

3. 

Illustrations of the chief Tkiconodonta and Trituberculata. 




Km. 4. Tlie tj|>c» of the Briti-di nteaozolc mammal*, rapre*entiiig the natural sire. 
1. AmphiUtltt. 2. AmplnO.trinm. 3. Phn$colothi num. 4. 7i )n,no,lon Mordajr. 0. Ptramy*. 7. 
Spalaeotlieriuut. 8. Pftahtlf. '.». P< -« *y*ilo x . 10. L> ftorltnlvt. 11. AmUottitriuui. V2. Phot- 
rohit.t. 13. Arhyrotfon. 14. *fy/o./.m. 15. Athnxiun. lft. Bol<*lon. Is. H»giavlajr minor. 19. 
Sttrtognothut. 




Em. .'>. Aw)ihi/-iitf$. Lower Jin a«Mc, England. Kit:. 6. Phutrohith'rivm. Lower Ju.ras.sir. 

Internal view, enlarged. England. Internal view, enlarged. 




I !a. T, Trxco\ *fon ( 7<itico»if tot/un). U|>|>cr Junuwie, England. External view, enlarged. 

*Sco not<- on page 2*2. 
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Fig. B. TiiconoJoniPn-inewlou). Uprcr JunuKle, America. Internal view. xf. After Marsh. 




Flo. 9. Mtnaethlon. External and internal view*, x f . Upper Jurassic, America. After Marsh. 




Fm. 10. Tinodou. Upi<er Jurassic, America. Fm. 11. S)mlnn,tt,frivm. Up|>er Jurassic, 

Internal viow. \ J. After Mari.li. England. Internal view, enlarged. 




mkf 



Flo. lln. Upper and lower teeth and lower jaw of Tri(ou<»tt»> ftmx U«m the Purljcck Hcds, 
Upper Jurassic (Lower Cretaceous), England. > J. 

Figs. 7- 11 a. Jurassic Triconodonta. Lower Teeth ami Jaws. (All enlarged.) For 
the natural size of Figs. 5, 6, 7, 11 see Figure 4. 
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Fin. 12. Superior molars of P: mirth* Owen. Upper Jurassic, England. Ki^ht side. 
External, oblique and crown views. These ui»|>cr molar* were probably associated with lower 
molar* of the tyj>c seen in SpalttcHk.rium (Fig. 11). mtt, inetastyle ; j<r, ;.r, y, , main internal 
cusps Is-lievcd to be protoconcs ; 'y»i, r»c. smaller external cusps believed to Ik.- para- and incta- 
cone*. 




Fin. 13. .i, KurtorfoH. Superior molar series of tho left maxilla, viewed limn the wearing 
mirface. '', AttlblothtTtUu m<ic>nu,u, inferior molar series, viewed from above, fc 1 A. (P'mtpttfnr) 
lal/tn,,!.*. A lower inoUr viewed ui«»n the Internal face. e. The same. A lower molar viewed 
from a)x»vc. d, Arhyrodon *OMH*. A lower molar viewed from above. Much enlarged. 
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Kxtmud or maxillary liew. 




Palatal or Internal view . 



Flo. H. Superior molars of Drfolfta Marsh. Upper Juraaaic, Wyoming. Scries of the 
left »lde, external and crown view*. B. Scries of the right side, external, crown and Internal 
view*. Yale Museum, r, c, r, external and internal cingula. i. o. /. infraorbital foramen. Other 
abbreviations as in rig. 11 (Cf. Fig. JOT,, and p. 220.) 

Juraaaic Triconodonta ? (Fig. 12) and Pantotheria (Tritubercnlata). Upper Teeth. 

and Jaws. For scale see Fig. 4. 




Flu. 15. Amphitkeriuui prevottii. Lower Jurassic, England. Internal view, enlarged. After Goodrich. 




Fto.lt>. Ptramu*. Upper Jurassic, England. External view, enlarged. 




Fio. IT. Inferior molars of d wt f kitktrhtu pttvottiL .1, inner view of a molar of the ri^lit side; 
B, outer view of a molar of the left side (restored), enlarged. After Goodrich. 

Figs. 15-17. Jurassic Pantotheria (Trituberculata). Lower Teeth and Jaws. 

For scale see Fig. 4. 
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Fin. IS. a. Pouutut (Sp'ilaeothrriuKi) mini'* Owen. Internal view of left mandibular ramu*. 
b. P. {Isi>t'>tt<vlu$.) dubini Owen. External view of left mandibular ramus, r. p. Unrt,<ntrti 
Owen. Outer face of auterior portion of left ramus. Also, .second molar of Amphithtriunt 
Pl*90$tii Owen, internal view, and second molar of P. minut, enlarged from fig. 1 n above; 
internal view, pr, protocol) id ; pa, pnracoold; m> , mctaconid; l>y, hy|»>conld ; imj, Meckclian 
groove. Much enlarged. 




Flo. 19. B*w<*fon, Family Dlplocynudontidw. Upper Jurassic, America. External view, x f . 

After MarsL. 




Pio. 30. IHptocynodon , Family IHplocyuodontidaj. Up|>cr Jurassic, America. External view. ■ {. 

After Harah. 




Fi.f. 21.— Family Dtptocynodonttdl*. I'pjier Juni^u-, America. Internal view. x}. 

After Harah. 

Jurassic Pantotheria or Trituberculata. Low er Jaws. Amphitheriidaj (Fig. 18) 
and Diplocynodoatidn (Figs. 19-21). For Rcale see Fig. 4. 
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Fio. 22. Pt 



mtpalar. Upper Jurafwic, 
Internal view, enlarged. 



Fio. 23. AmbUAktrivm. Upper Juraaaic, 
England. Internal view, cularged. 




Fin. 24. Achvro>to». Upper Jurawic, 
England. Internal view, enlarged. 




Fki. 25. Pt,tttn.f.st>i. Upper Jurassic, 
England. Internal view, enlarged. 




Fm. 2(5. Pauro-lon. Upper J urnasie, America. Internal view. x|. After Marsh. 




Fio. 27. (Lfpfw/<ic/i<«X Upper 

Jurassic, England. Internal view, enlarged. 




Fio. 2s. StvMott. Upper Jurassic, England. 
External view, enlarged. 




Fio. 2V. S<v?o./oh (Myliintlon). Upper Jurassic, America. External view, x ?. After Marsh. 




Fi«i. 30. Lto>lon. Upper Jurassic, America. Internal view, x f . After Mush. 

Jurassic Pantotheria or Trituberculata. Lower Jaws. Amblotheriitb or Styla- 
codontida? and Paurodonti«la\ For scale of Figs. 2*2, 25, 27, 28, see Fig. 4. 
Figs. 26, 29 are three times natural size. 
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Fio. 31. Phntcolfttfi poms. Upper J uraaalc, N. America. Oblique crown view, fc 




Fio. 32. Phcucol<*tf*{Dryolfi4f) pritcu*. Upper Jurtuwic, America. Internal view. J x }. 

After Marsh. 




Fio. S3. Pkotrol<*tr>(Drtto(rtlt*) romr. Upper JuniHsic. America. Internal view, x }. 

After March. 
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4. 

The Origin of the Tmtibekculak Type .sought (1888) among 

the Mesozoic Mammalia. 

[Extract from Memoir entitled "The Structure and Classification of the Mesozoic Mammalia." 
Jonrn. Acad. Xat. Sei. Phila., Vol. IX.. No. 2, July, 1R88.] 

(a) If, as now seems probable, the derivation of the mammalian molar 
from the single reptilian cone can be demonstrated by the comparison of 
a series of transitional stages between the single cone and the three-cone 
type, and from the latter to the central tritubercular type, the separate 
history of each cone can certainly be traced throughout the series in its 
various degrees of modification, development, and degeneration. The 
remarkable part played by the tritul>ercular molar has been unfolded by 
the discoveries and writings of Cope. It is undoubtedly the ancestral 
molar type of the Primates, the Carnivora, the Ungulata, the Cheiroptera, 
the Insectivora, and of several, if not all, of the Marsupialia. For 
example, we can trace back the uuadritubercular bunodont, or parent 
ungulate type, to the triluh rculnr ; this to the type with three cones in 
line, which we may call the tricoiwthmt type, and this in turn to the 
haplmlont 1 reptilian crown. A nomenclature may be suggested for these 
cones, with reference to their order of development and primitive position, 
to keep clearly before the mind their homologies during secondary 
changes of form and position. The primitive cone may be called the 
profocoiu ; upon the anterior and posterior slopes of which appear, 
respectively, the ■parncone and mrfucom. After the trituliercular crown is 
produced, by the rotation of the lateral cones, inwards in the lower jaw 
and outwards in the upper jaw, the Jn/poanu, or heel, is developed, giving 
us the tul>ercular-sectorial molar. Exclusive of the Mi'ltit oh, rcofata and 
of Stt -mynatlnm (Fig. 51, Xo. 5) this is the most advanced stage of 
molar development thus far found in the mesozoic period. 

The protocone of Dromatln riom (Fig. 3, No. 2) is prominent and con- 
stant through the molar series while the para- and meta-cones are irregular 
in size and position, always close to the main cone and in several teeth 
either splitting into two needle-like cusplets or bifid at the tip. Alto- 
gether, they are in what appears to be an experimental stage of develop- 
ment. Microcomxloii (Fig. 3, Xo. 1), however, from the same strata, has 
well defined para- and meta-cones which are widely separated from the 
main cone, the crown presenting the jane triconodont type. This 
reoccurs in Amphihsttn (Figs. 4, 5), of t he lower Jurassic, and Triouioiimt 
(Figs. 4. 7) of the upper Jurassic. In this series we are struck by the 

'See Cope : "The homologies and origin of the types of molar teeth of the Mammalia 
Educabilia," Jour. Phila. Arcu/., 1S74. 
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gradual increase of size and prominence of the lateral cones until they 
are upon the level of the main cone and sub-equal to it, this increase 
being accompanied by a marked elongation of the crown so that the three 
molars of Triconmlon occupy a greater proportion of the jaw than is taken 
by the seven molars of Dromath* rinm. This unmodified triconodont type 
is very rare in the more recent mammalia. It persists in the lower jaw, at 
least, of DUsacm from the Puerco, and in the lower molars of Thylacinus, 
the upper molars presenting an internal heel.* 

(b) In his paper upon the Creodonta, 1 Cope observed that the Sjtala- 
cothcrium molars (Figs. 4, 11) represents a stage of transition between the 
triconodont and trituliercular molars. There can be no doubt that the 
cusps seen upon the inner face of the inferior molars of this genus are 
homologous with the para- and meta -cones t and there are several facts 
which support Cope's hypothesis that they represent a stage of inward 
rotation of cusps which were at an earlier stage in the same fore and aft 
line with the main cusp. These are, that in Ph'tscolotha-ium (Figs. 4, 6) 
the lateral cones are seen to be slightly internal to the main cone so that 
their median slopes descend upon the inner face; in Ti. /union (Fig. 10), 
of a later geological period, this position is slightly more pronounced ; in 
Mtnamrfon (Fig. 9) it is still more marked, but less so than in 
Spalncothtri/im (Fig. 11). These genera, although evidently in two 
different lines of descent, afford the desired transition stages. The 
SjwJiwothi rium molar as seen from above 2 has a striking resemblance to 
the anterior sectorial triangle of the Sh/poloph its or Duhjmictis molar of 
the Puerco. It is in fact sub-triangular, the superior molars probably 
having the lateral cones rotated outwards, so that the upper and lower 
molars form an alternating series, the ridges connecting the main and 
lateral cones acting as sectorial blades. 

The question now arises whether the St/flncodon (Fig. 29) molar 
represents the next higher stage of development, viz., the tubercular- 
sectorial molar in which the anterior triangle is followed by a low heel. 
And if so lias the Sfylacotfon type passed through the stages of inward 
rotation of the lateral cusps ? The superior aspect of the St //If nod on 
molar presents an anterior triangle with the long styloid cone forming the 
apex and connected by divergent ridges with the anterior pair of cusps; 
K'hind these is a ttiird cusp not connected by a ridge with the styloid 
cone. In the upper jaw the three cusps are external and the single cone 
internal, these relations are reversed in the lower jaw. AVe cannot well 

* (This condition is now believed to be not primitive but secondary in botb tbe genera 
mentioned. — Ki>.] 

1 " The Creodonta," American X<ttnra/i«t, 1S84, p. 2,19. 

+ [But see page :«* where the homologies of these cusps with the paraconid and mcta- 
conid of Trituberculates are doubted. — En.] 

-Owen, The Mt<o,oic Mammalia, I'late I., Ki^. 32e. 
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avoid the inference that the Sti/loan/oa lower molar is a specialized 
tuliercular-sectorial, that the styloid external cusp, which until Marsh's 
discovery of Dryo/cstt* (Figs. 31-34) was regarded as the single summit 
of the crown, is the protocone while the anterior pair of internal cusps 
represent the paracone and metacone, followed by a third element, the 
hvpocone or heel. This is further continued hy the transition to the 
simpler Spnlacoth<rit(in type seen in the molars of Asthenorfon (Fig. 35) 
in which the hvpocone is entirely wanting while the remainder of the 
crown is closely similar to that of Stylaeodon. The internal cusps 
present many degrees of development in different members of the 
St\ lacodontidie ; in Luodon (Fig. 30) they are much less prominent than 
in Dri/off.stts, the heel l>eing also inconspicuous. While the relations of 
the four cones composing the Stylacodont crown strongly suggest the 
tuhercular-sectorial molar there is one matter of doubt in the way of 
the derivation of this tooth from the Spahu otht rium type (Fig. 11); 
that is, the position of the fangs. In Spulacotln riinn and Menamlmi 
(Fig. 9) the fangs are paired and placed beneath the para- and 
metacones. In the Stylacodonts the external fang is directly beneath 
the protocone : the tjuestion is, does this represent the anterior or 
posterior, or an additional fang ? 

4. The molars which have been considered thus far show directly 
or indirectly the triconodont type, ix. y the presence at some stage 
of their evolution of the central and two lateral cones. In the 
Aniphithenuhc (Figs. 15-21) it is clear that the main cone and 
the lesser one, upon its anterior slope, represent the protocone 
and paracone but it is uncertain whether the basal cusp, seen for 
example upon the external face of the Dij>foct/iio<Ion molar (Fig. 20) 
is homologous with the metacone or hvpocone. The latter alterna- 
tive excludes the development of the metacone or the passage 
of these genera through a triconodont stage, and implies a con- 
siderable separation of the Amphitheriida' from the stem of the 
two families already considered. The former involves the supposition 
thai the metacone has metamorphosed into a heel.* The most primitive 
molar in this family is seen in E>tmo<li,,i x (Fig. 10). The crown has 
an obtuse recurved protocone, more like that of a premolar; upon 
the anterior slope is a rudimentary paracone which affords the only 
means of distinguishing the molars from the premolars. The postorioi 
slope terminates in a low extended heel. This molar pattern largely 

* [The tjuestions nml difficulties here stated are largely resolved hy the hypothesis thut 
in the Trieonodontida- the ao called para- and met ae on ids are direct outgrowths from the 
molar crown, while in the Amphitheriid:e and Amblotheriida- the para-, tneta- aud 
hypoconidB have been derived from the internal cingulum. See page S. — En.] 

1 M-irsh, "American Jurassic Mammals," Aw. Jour. N«\, April, Iss?, PI. X. 
Fig. 4. 
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con (inns the second of the above alternatives, viz., that this heel is to 
l>e compared to the hypocone of the tubercular-sectorial crown. Further 
confirmation is seen in the fact that this heel is not above the level 
of the internal cingulum, as in the metacone of all the triconodonts, 
but is continuous with the broad shelf-like projection of the internal 
cingulum, which is well represented in the internal aspect of th«* 
J)i l )It,r ! f,„»h,,t (Fig. 20) molars. The concave internal slope of the 
protocone descends into this shelf and the cingulum rises at the margin 
into numerous crenations, which cannot properly 1x5 called cusps. The 
/Jiph/ci/iKji/on (Fig. 20) molar presents a decided advance upon that 
of En motion in the development of the paracone, which is much more 
prominent. In AmphUlwrium (Figs. 4, 15, 17), the paracone is 
subecjual t*» the protocone in several of the molars, and the heel is 
on the level of the internal cingulum, from which, according to Owen, 
there arise one or two small cusps. 1 Internal cusps which develop in 
this manner are from the first separated from the external cusps by a 
longitudinal valley instead of being united with it by divergent ridges, 
and cannot therefore at any stage possess a sectorial blade, such as 
is more or less distinctly developed in the Spalacothnium and Sti/hi- 
o»htn molar. 

5. It follows also that the triangle of cusps presented by the 
V* ■ra.spnlii.i- molar (Fig. 22) cannot, with probability, be considered as 
representing a tritubercular stage, and that the Auiphitheriida' furnish 
the key to the mode of derivation of the internal cusps of the 
molars of the I'eralestida' (Fig. 12). The inferior molars of Prrasfhila.r 
and Pavnuhm (Fig. 20) are apparently very similar, consisting 
of a prominent external cone, and two internal cusps followed by a 
third cusp at the end of the crown. As pointed out in the synopsis of 
molar types, this internal surface strongly suggests the Dryolcxtr* pattern 
(Figs. ;>l-.'!4), but may be clearly distinguished by the absence of trans- 
verse ridges and the presence of a longitudinal valley between the 
cusps instead of a transverse valley opening inwards. The internal 
cusps have probably, therefore, arisen from the internal cingulum. 2 
but these molars do not seem to be a later development of the 
Amphitlinium type (Fig. 15), because both the paracone and meta- 
cone are wanting, the main cone showing no trace of the lateral cusps 

1 As previously stated tho m i iter has not personally examined the internal surfaces 
of the molars of this genus. 

3 Numerous instances of the origin of molar cusps from the cingulum might he 
cited. One of the most important is seen in the transition from a tritubcrcular to a 
quadrituliercular superior molar by the aihlition of the postero-intemal cusp which is 
primitively a cinynle ; this was first demonstrated by Dr. Harrison Allen, op. fit. 
Mivart {Jour, ot Aunt, miff J*hy* , Vol. II., p. 138> shows how the four cusp* of the 
Inhcctivore molars are frequently fortified by additional cusps from tho cingulum. 



Digitized by Google 



TEETH OF THE MESOZOIC MAMMALS 



35 



upon its slopes.* The superior molars of PemleMat^ however, when 
viewed from above, present one large internal and two smaller external 
cusps disposed in a triangle opening outwards, and as this is the general 
disposition of superior cusps of the tritubercular type, we must admit 
the possibility that the smaller cusps do represent the para- and meta- 
cones in a stage of inward rotation not accompanied by the production 
of the sectorial blades, for this is by no means an essential feature 
of the tritul>ercular molar. The history of the derivation of the 
molars of the Peralestida- must, therefore, l>e left in some doubt ; 
while the balance of evidence points to a line of development similar 
to that in progress in the Amphitheriidje, although the line of descent 
appears to l>e different. 

Reviewing this study of the molars the following are the principal 
deductions : (a) The molars of all the inesozoic mammals of this 
group present one main cusp which is either so central or so pro- 
minent that it may be considered homologous with the single reptilian 
cone or protocone. (J>) In one line of genera two lateral cusps, the 
para- and meta-cones, appear upon the anterior and posterior slopes 
of the protocone. This is a central and frequently repeated stage 
of evolution. It gives rise to two lines of molar development; in the 
first, the para- and meta-cones are retained in the same fore and 
aft line, as the persistent trieonodont type, but increase greatly in 
size : in the second, they are rotated inwards as the tritulx?rcular 
type, which finally acquires -a heel, (c) In a second line of genera 
the paracone appears upon the anterior slope of the protocone, but 
the metacone is not developed, lieing replaced by a basal talon or 
hyjK>cone which extends inwards to form the internal cusp. (</) In 
a fourth line of genera neither the para- nor meta-cones are developed 
upon the sides of the protocone, but they are replaced by basal 
cusps derived from the cingulum. 

* [P:r coiUra the conditions seen in Amphithtrium may have been derived from those 
seen in Ptrwtpnlax. — Ed.] 

t [Supposed to correspond with the lower molars of the Spalacotherium type, Fig. II. — 
En.] 
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FIRST OUTLINE (1888) OF TRITUBERCULAR EVOLUTION 

IN MAMMALS. 

[Reprinted directly from the paper entitled "The Evolution of Mammalian Molars to 
and from the Tritubercular Type,*' 1 Thr. Anxrictn Xa'nmtixt, December, 1888.] 

The dentition in the recent Mammalia is so diverse that the most 
sanguine evolutionist of fifteen years ago could not have anticipated 
the discovery of a common type of molar, in both jaws, as universal 
among the Mammalia of an early period as the pentadactyle foot, 
and as central in its capacity for development into the widely 
specialized recent types. 

The tritubercular molar, discovered by l'rofcssor Cope in the Uuerco, 
is exactly such a type, and may be considered with the pentadactyle 
foot as playing a somewhat analogous role in mammalian history, with 
this important difference — the unmodified pentadactyle foot was pro- 
Uibly inherited direct from the reptiles, and its subsequent evolution, 
with a few exceptions, has been in the direction of the greater or 
less rah'dion of primitive elements towards special adaptation, as, to 
borrow an extreme illustration, in the transition from Phrnacndvs with 
20 elements in the manus to E<pms with only 12 such elements. On 
the other hand, the tritubercular tooth was not inherited, but in all 
probability developed within the mammalian stock, from a hypothetical 
form with almost, if not quite simple conical molars, implanted by single 
fangs, in a nearly homodont series.- No such primitive type of mamma- 
lian dentition is actually known, although Ih-oma1h> rrivm approximates it ; 
but the apparent reversion to this type among the Cdaccct, and apparent 



Read in abstract by Professor Cope, National Academy of .Sciences, at New Haven, 
Nov., 1SS8. 

: See Author, "Structure and Classification of the Mesozoic Mammalia,*' Jour. 
Phiiu. Acmh.my, 18X8, p. 240. 
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retention of it in the E<l> ntnln} * support .all the independent evidence 
upon this point derived from the Mesozoic Mammals. 

The principle of growth was the regular addition of new parts to 
the simple cone, not at random, hut according to a certain definite 
order which apparently progressed independently in different phyla, 
through a series of subtrituliercular stages until trituberculy 2 was 
attained. 

The tritubereular molar consists essentially of three cusps, forming 
what may he called the primitive triangle, so disposed that the upper 
and lower molars alternate. This, when attained, formed a central 
stage from which the great majority of recent molar types have 
diverged by the addition, modification, and reduction of cusps; we 
must except the Monotromes, the Edentates, and possibly the Ceta- 
ceans, although there is considerable evidence that the cetacean 
molars were once of the triconodont type. 3 t Among extinct orders, 
the Multituberculata (PI ay inn Ins, Tnti/lodon, etc.) must also be excepted 
from this series and discussion. 

The almost universal predominance of trituberculy in the early 
geological periods, is very significant of the uniformity of molar origin. 
Of twenty known Mesozoic genera, 4 all except three 5 j show trituber- 
culy in some of its stages. In the I^ower Eocene, eighty-two Puerco 
species, representing twenty-six genera and five orders (Creodonta, Tillo- 
dontia, Lemuroidea, Condylarthra, Amblypoda), only four species have 
♦juadritubercular teeth, all the remainder are tritubereular. 6 Prof. 
Kutimeyer has recently pointed out the predominance of this type 
in the nearly parallel Egerkingen l>eds. The contemporary Cernaysien 
fauna in the collection of Dr. Lemoine at Pvheims, recently examined 
by the writer, shows exclusively tritubereular molars or their deriva- 
tives. By the Middle Eocene, the lines of divergence towards the 

'See Oldfield Thomas, "The Homologies and Succession of the Teeth in the Pasyu- 
rid;e," Phil. Tram., 1887, p. 4oS. 

•[Evidence is presented on pp. 151, 190, that the haplodonty of certain Edentata and 
of the Cetaeea is secondary. — Ed.] 

2 A term first employed by Rutimeyer, " Ueber Einige Beziehungen zwischen den 
Sriugethierstammeu Alter ur.d Neuer Welt," Abh. d. mchiceiz. jmt. (i<»el/*ch., Vol. XV., 
1888. p. 54. 

3 See Brand t, Die. Fo**ilen u. Sufi/ox*. C'taece.n Euro/xi*, Taf. XXXII., Figs. 4-9. 

+ [But this in ZfM<]lo<lon was probably a secondary derivation from the tritubereular 
type. See p. 191. -Ed.] 

* The list given by the writer [op. cit., p. 247) is found to contain several synonyms. 
See "Additional observations upon the Structure and Classification of the Mesozoic 
Mammalia,- Pros. Phila. Awl, Nov., 1SS8. p. 292. 

5 Dicrocynodon (Diplocyno Ion), Docodon, Enneodon, Marsh. 

*[The author refers only to the orders Protodonta, Trie modonta, Patitothoria. — Ei>.] 

6 Cope, "Synopsis of the Vertebrate Fauna of the Puerco Scries," Am. Phil. 
Sor., 1SSS, p. -J9S. 
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existing types of molars were well advanced, but tritubereuly persisted 
in the dentition of several orders, in which it is found to-day (Lemu- 
roidea, Inscctivora, Carnivore, and many Marsupialia). 

It follows that it is quite as essential for the comparative anatomist to 
thoroughly grasp the meaning and history of each of the component cusps 
of the tritubercular molar and of their derivatives, as it is to perfectly 
understand the elements of the man us and pes. For, the homologies of 
the cusps can now he determined almost as certainly as those of the 
digits. Take a human molar, for example, every component tul>eiele 
has its pedigree, and it can he demonstrated, almost l>eyond a doubt, 
which of these tubercles is homologous with the single reptilian cone. 
The writer recently (op. cit., p. 242) proposed the adoption of a dis- 
tinct nomenclature for the different cusps of the tritubercular molar, 
and offered a series of terms for the primary cusps based as far as 
possible upon the primitive position and order of development, and in 
most instances in accord with their secondary position. This nomencla- 
ture can l>e extended to the secondary cusps in the sexituliercular 
superior and quinquetubercular inferior molars. The terms now in 
general use are based, for the most part, upon the secondary or 
acquired position, and in no instance upon the homologies of the cusps 
in the upper and lower molars, or even in corresponding molars of 
different genera, thus involving much confusion. For example, the 
antero-internal cusp of the lower molar of Mioclmnus is not homo- 
logous with the antero-internal cusp of Ht/opsixhts, nor with the antero- 
internal cusps of the upper molar of either genus. 

The present contribution is l>ased principally upon the writer's 
studies among the Mesozoic Mammalia, and, with some additions, upon 
Professor Cope's numerous essays upon the tritul>ercular type in t lie 
Tertiary Mammalia. 1 

Four propositions may be laid down for discussion : 

(1) That tritubereuly was acquired during the Mesozoic period, in 
a series of stages beginning with the single cone and attaining to the 
primitive sectorial type in the Jurassic period. 

(2) The majority of Mesozoic mammals showed tritul>erculy in 
some of its stages. Present evidence goes to show that the remaining, 
or aberrant types, if such existed, did not persist. The majority of 
the persisting forms of later periods were derived from the forms with 

1 Professor Cope's e?sav« abound with discussions and notes upon the origin and 
succession <>f the tritubercular type. (Sec collection in Oriyin of (he Fittest.) He 
has outlined the transition from the single cone to the trituherculur crown (p. 347) : 
tubercular sectorial (p. '246) ; the <juadritiihercular type (p. *24.> and p. H59) ; the SfM/a- 
rothirhtm molars a.s a transition to the tritith rcitlar (p. '2.VJ). The acquisition of the 
superior and inferior (jiiadritubcrcular molar (p. .%!). The prediction of the discovery 
of Carnivora with triconodont molars (p. Ht>f>), and of the simple tritubercular type in 
both jaws (p. M2). 
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simple tritubereular molars, of earlier periods. It follows that tritu- 
herculy was an important factor in survival. 

(3) The definite homologies of the primary and to some degree 
of the secondary cusps in the upper and lower molars can be 
established. 

(-4) The mode of succession of tooth forms favours the kinetogenesis 
theory advanced by Kyder and (.'ope. 

There are three general observations to be made : 

First. In attempting to complete the history of each of the cusps 
we naturally find that the pakeontological record is not sufficiently 
perfect to admit of our following a certain type along a single phylum 
l«ick to the primitive type. We must at the outset proceed upon 
the principle of similar elfects, similar causes. For example, since 
the history of the development of the intermediate tubercles in the 
superior molars of the Lemuroidea (I'seudolemuroidea, Schlosser) is 
perfectly clear during the Wasatch and Hridger epochs — it is safe 
to infer that the intermediate tultercles of the Ungulate molars, which 
are fully developed in the underlying Puerco, had the same history. 
Srcoiul. There are in each period Ota-rant t)j}hs which embrace either 
incomplete or degenerate tritubereular stages, ■/.#•. a high specialization 
in which the past record is obliterated, or, finally, stages in non- 
tritubercular lines of development. Third. In the parallel evolution 
of trituberculy in different phyla we find that the progression is by 
no means uniform. In every geological period in which the fauna 
is well known we observe proffnssin- genera which outstrip the others 
in reaching a certain stage of molar development, contrasted with 
jM-rsistrtit types which represent arrested lower stages of development, 
while l>etween them are the central types which represent the degree 
of evolution attained by the majority of genera. The latter may be 
said to constitute the stage which is characteristic of the period. 

Thf strops of tritnhrrrnfif may now be defined as seen in different 
types in their order of succession : 

I. Hiipliutont Type (Cope). 1 A simple conical crown. The fang 
usually single ami not distinguished from the crown. This type has 
not as yet been discovered among the primitive Mammalia. 

A. J'rotoilont Sub-Type.'-' The crown with one main cone, and 
lateral accessory euspules : the fang grooved. There is some question 
as to the advantage of distinguishing this as a type, for it stands 

'"The Homologies and Origin of the types of Molar Teeth in the Mammalia 
Kducahilia," Journ. I'hiln. AauL, 1H74. The term f/nmviloit/ was previously applied 
to thin type by Kutimeyer, " Odontography der Hufthiere. etc." \'<>hr. >l Xttt,<rj\,r*ch, 
f;is,ll*<h. in Bnvl, Hand 111., ISIW, p. M\\ In the wi iter s opinion thi.i term ha* 
acquired it special hignitieance ,\» applied to u whole series of teeth, viz., the reverse 
*if " heterodont," ami may well he retained in this aeiMe. 

J Oahorn, op. cit., p. 2>J. 
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intermediate between types I. and III. Example, Drouutthrrivm of 
the American Tnassic (Fig. •>). 

II. Triamu'lont Type (( )sborn, op. cit.. p. L'4l'). Tlie cn»wn elongate, 
tritid, with one central cone and two distinct lateral cones. The 
fang double. Example, Trieomuhm (Fig. 8). 

III. Triti'hu-cvl'ir Type (Cope). The crown triangular, surmounted 
by three main cusps, the central cone placed internally in the upper 
molars and externally in the lower molars. Kxample, the lower 
molars of Spalucoth <:rium (Fig. 11) and Astlenoiltm (Fig. oo). This 
type is rare in its primitive condition as above denned. 

The upper and lower molars are alike in types I. and II.; in 
type III. they have a similar pattern, but with the arrangement of 
the homologous cups reversed. These types are all primitive. In 
the following sub-types, the primitive triangle forms the main portion 
of the crown, to which other "secondary" cusps are added, the homo- 
logies of which in the upper and lower molars are somewhat doubtful. 
Parallel and with an intimate relation to the addition of the secondary 
cusps, is the division of the tri tubercular into a secodont and buno- 
dorit series, according to the assumption of a purely cutting or 
crushing function. In departing from the primitive type, the upper 
and lower molars diverge in structure, and the homologies of the 
secondary cusps in each are somewhat doubtful. 

Lower Molars. 

A. Tul» n: iilar Sectorial, Sub-type (Cope). (a) The primitive triangle 
elevated and its cusps connected by cutting crests ; a low posterior 
heel. (It) This type embraces a ipiimpuluhrrcular form in which 
the heel consists of two cusps, an internal and external. 1 (c.) In 
the liunodont series it develops into the quail 'ritvh ncnlar form, by 
the loss of one of the primitive cusps. 

Upper Molars. 

I>. Tntuhi rclar. (a). The primitive triangle in the secodont 
series purely tricuspid, (h) This embraces a qui nipt rtuht rcu/ar form 
in which " intermediate " tubercles are developed, both in the Seco- 
dont and P.unodont series. (<■) In the Hunodont scries a postero- 
internal cusp is added, forming the s,-,H,>htrcular molar. 

Nm.m kn< i. ati i;k of tiik Crsrs. As above stated, there is no doubt 
about the homologies of the three "primary" cusps (protocone, para- 
rone, nictacotie) in the upper and lower molars. They may Ik? given 
the same terms, with the arbitraiy sullix uf. to distinguish the 

' .1 nn riiiin Xnt'ito/ixt, April. ISS3, p. 407. 



Digitized by Google 



TRITUUKRCULAR EVOLUTION IN MAMMALS 41 

• 

lower cusps. Tlie first " secondary " cusps (hypocone, hvpoconid), 
which are added to the upper and lower molars of the primitive 
triangle, modify the crown from a triangular to a quadrangular shape, 
and hence may he considered homologous. The three additional 
secondary cusps i protoconule, metaconule, entoconid) evidently have 
no homology with each other. 

TKKMS NOW IN I hK PkOI-OSKU TKHM8 1 AltlUlKV. 

1'pfk.r Molar*. 

A ntero- internal-cusp, Protooono. pr. 

Postero- „ .. or 6th cusp HyjHwone. hy. 

Autero-external Paracolic. pa. 

Postero- ,, Metacone. me. 

Anterior Intermediate cusp, Protoconule. pi. 

Posterior ,, „ Metaconule. ml. 

Low Molar*. 

Antero-external cusp, Protoconid. pr l . 

Postero- „„....... Hvpoconid. \\\*. 

Antero-internal cusp, or nth cusp, .... Paraconid. pa J . 

Intermediate or antero-internal cusp (in quadrituber- 

cular molar*), ....... Metaconid. me'. 

Postero-internal cusp, ....... Entoconid. en 4 . 

Evolution of the Cusps. The cusp evolution in the Mesozoic period 
has been fully discussed by the writer (op. cit., pp. 240-4) ami in 
the Tertiary period, by Professor Cope, so that only a brief resume 
is necessary here. In DronuUhrrium (Fig. 3), from the upper Triassic, 
the oldest mammalian type known, with the exception of Microtesfes, 
the molars have a main protoconid with several minute lateral cuspules, 
differing in size in the different teeth, but in general giving a tritid 
appearance to the crown. The molars of the contemporary Microconodon 
(Fig. 3) also have unpaired fangs, but distinctly tritid crowns, with 
the anterior and the posterior cusps, or para- and meta-conids, upon 
the slopes of the protoconid. This Triconodont type reappears, with 
the addition of a cingulum and paired fangs, in Amphilestes (Fig. 5) 
and PhascMotha-ium (Fig. 6) of the lower Jurassic and persists in 
Tricomxlon (Figs. 7, 8) of the upper Jurassic. In this succession we 
observe especially the relative subsidence of the protoconid and upgrowth 
of the para- and meta-conids. Contemporary with Amphilestes is the 
classical genus Amphitherium (Fig. 15). A recent examination of 
the type specimen by the writer revealed the very interesting fact 
that the molars of this genus are probably of the primitive tubercular- 
sect orial type — the oldest known example. Only the paraconid, 
metaconid and hvpoconid have been observed heretofore, but one can 
see the tip of the main external cusp between the internal pair. 

'Iain much indehted to my colleagues Professors Maehmkie and Winatis for assist 
ance in the selection of these terms. 
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This pattern is repeated, with a considerable elevation of the heel, 
in P( ramus (Fig. 18) of the upper Jurassic. 1 Neither of the two 
foregoing are of the primitive heelless tritul>ercular type which is 
apparently found in Spalacotherium (Figs. 11), also upper Jurassic, 
and in the nearly related if not synonymous PeraUsUs (Fig. 12). 
Contemporary with the above, are numerous genera of the Stytodon 
order; among these, Asthmodon (Fig. 35) is of the primitive tri- 
tuhercular type without the hypoeonid, all the remainder present 
various modifications of the tul>ercular-sectorial. 

This covers our knowledge of trituberculy in the Mesozoic period. 
Xo bunodont forms are known — they were probably developed tin ring the 
Cretaceous, for a few are found well developed in the Puerco. In the 
Secodont series many of the types do not widely depart from those seen 
in the Jurassic, but the Bunodont series are universally characterized by 
the initial or advanced development of the proto- and meta-conules in the 
upper molars and the appearance of the entocunid upon the inner side of 
the hypoeonid below. 

The PriHciph'a yoccrnimj Cuxp Di irlojnnnit. It is remarkable to note 
in how many particulars the actual succession of molar development in 
the Mesozoic period coincides with the theoretical scheme of origin of 
trituberculy proposed by Cope 2 and supported by "Wortman 3 several 
years ago. At that time Spahtcothnium and the genera now embraced 
under the Trieonodontid.e were the only Mesozoic mammals whose molar 
structure was fully known, and the views of these authors were partly 
speculative and partly deductive from recent dental anatomy. 

Two hypotheses may be advanced to explain the evolution of the 
tritubercular type. The first is that the type has ton acquired by the 
selection of accidental variations in the production of new cusps and 
modelling of old ones. The second is, that the interaction of the upper 
and lower molars in the movements of the jaws has resulted in local 
increase of growth at certain points, resulting first in new cusps, then in 
a change of position and of form in the cusps. Both hyj>otheses are open 
to numerous objections and are by no means mutually exclusive, but the 
whole subject is so complicated as to require a separate treatment. The 
balance of evidence in tritubercular evolution seems to favor the second 
or kinetogenesis theory — as apparently witnessed in two laws of cusp 
development : 

I. The primary cusps first appear as euspules. or minute e»>nes, at the 

'This genus inelmlcH also LtfttucUvht* tiuhiii* Owen, uu«l S/xifatothcnum miuut 
Owen (Kig. IS). Sec I'm,: Phi/,j. Aoi'l., Nov., ISSS, p. 'jyj. 

3 "The E vol ill ion of the Vertehrata Progressive ami Kotrogiessivc," American 
Xatumlixf, April, 1SS5. p. :«0. 

; "Thc Comparative Anatomy of the Teeth of the Vertehrata." 1SSG, p. 418. 
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first points of contact between the upper and lower molars in the vertical 
motions of the jaws. 

II. The modelling of the cusps into new forms, and the acquisition of 
secondary position, is a concomitant of interference in the horizontal 
motions of the jaws. 

The second law applies especially to the evolution of the molars after 
the acquisition of the tritubcrcular stage, and has l>een ably proposed and 
supported by Kyder, 1 principally in its application to recent types of 
teeth. The first, although not heretofore distinctly formulated, is partly 
founded upon facts and principles advanced by ( 'ope, and applies chiefly 
to the stages which have lieen discussed in this essay. 




Kio. 3d. Molars of opposite j»w» in in>niml mutual r.lntioii. 1. D.lpt,t,i>t*. i. Itrouutth/i lum. 
3. Trieono>lnn, A. Spalafothrrixm (lower), P<r<d<H>4 (u|i}*r). ',. V,, menus. ti. AtiWikhiu. 
'. Hytopxxixu. 



During the homodoiit uiiimuialian or sub-mammalian molar stage, the 
jaws were probably isognuthous* and the simple cones alternated as in the 
Delphinid;e (Fig. 3<j, No. 1). The first additions to the protocone appeared 
upon its anterior ami posterior surfaces. The growth of the para- and 
meta-conids involved anisognathism, 2 for we fin<l in the later triconodonts 
that the lower molars closed inside of the upper (Trico»oi/on, Fig. 3C, 
No. 3). There are several transition forms, such as TimnU>n (Fig. 10) 
and Menacotbui (Fig. 0) Itetween the primitive triconodont type and 
SjKd/tcotJu-riioii (Fig. 1 1), and it has been assumed by Cope and the writer 
{op. cit., p. 243) that the para- and meta-conids were first formed upon 
the anterior and posterior slopes of the protoconid and then rotated 
inwards, but it is also possible that they were originally formed upon the 
inner slopes. In the eomplcmental formation of the upper and lower 

1 "On the Mechanical Genesis of Tooth Forms," I'ror. f'hi/a. Acad., ISTS, p. 4o. 

"[From recent discoveries among the South African Thcriodonts it seems more 

f>robable that even in the ancestral reptile-mammals the upper jaws bit outside of the 
ower jaws and teeth, i.e. the jaws were auisognathous. The isognathisin of the Dolphins 
is probably secondary. — Ei>. ] 

2 As employed by Ryder {<>[>. fit., p. 45): "So as not only to indicate respectively 
parity and disjmrity in transverse diameter of the crowns of the upper ami lower molars, 
but also the parity or disparity in width transversely, from outside to outside," etr. 

It is clear that in the hoinodont condition, with" the teeth simply piercing the food, the 
greatest comminution (of the food) is effected by isognathisin : in the triconodont stage, the 
jaws must be anisognathous to close upon each other, but the tritubercular stage admits a 
return to isognathisin by the alternation of the triangles. 
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triangles tho jaws remained nearly isognathous (Fig. 30, Xo. 4). There 
is no evidence as to the origin of the hypoconid, which as a rule preceded 
the hypocone, as it was developed very early. In the Stylaeodontida- 
(Figs, 22-35), PJiaxeofrxft s, Amblot/n riinn, etc.. the clowns rapidly increased 
in transverse diameter, ami. in some genera {h'intotfoti, Fig. 13) they so 
far lost the tritnbercnlar aspect that, hut for the connecting form 
AsthnuHlou (Fig. 3">), we might hesitate to place them in this scries. The 
key to the further evolution of the crown is seen in the hunodont series 
during the lower Eocene period. 

The superposition of the lower and upper molar patterns brings out 
many interesting facts. First, even in the complex crowns of the huno- 
dont molars the primitive triangles retain their primitive alternating 
arrangement. Second, the jaws are somewhat anisognathous. Third, in 
support of the first law of cusp development, we observe that the proto- 
col! ule and metaconule are developed at the points of contact with the 




Fin. 37. Diagram of <.|tui<liitut)ort'ii1ar molar* of »x>th jaws in normal mutual relation ; the 
superior molars In .iouble lino* ; the interior in Mack. 

ridges which extend from the hypoconid, and. secondly, that the hypocone 
appears at the point where the paraconid abuts against the hypocone. It 
follows from a comparison of numerous species of Prfi/cottus and Mutclanttx 
that as the hypocone develops the paraconid recedes, as first observed by 
Cope; a fact difficult to reconcile with the kinetogenesis theory. In this 
manner the inferior primitive triangle is broken, the upper molars develop 
into the sexitul>ercular. the lower into the i(uadritul>ereular type. 

The complemental development of the upper and lower molars in the 
known genera of successive horizons is approximately displayed in the 
subjoined table. The Eocene list of genera will l>e greatly reduced, 
especially in the trituberculai -sectorial type, when the upper and lower 
jaws are found associated, and it must be clearly understood that the sub- 
types a, f>, c, in this table, are closely related by transition forms. In 
fact, in carnivorous forms, the extreme secodont and hunodont types are 
frequently seen side by side, as in the Ill's t and second inferior molars of 
lJi</i/tn irfis. The ehief distinction between these two series is the greater 
development of the secondary cusps and the almost invariable loss of tin? 
paraconid in the latter; this is effected by the broader surfaces of contact 
in the bunodonl crowns. In the sccodont series, on the other hand, the 
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development of the secondary cusps is subordinated, and the luetaconid is 
almost invariably suppressed. 1 

AtiapU and Annptomorphas are examples of sub-types n, c, associated: 
for it frequently happens that the paraconid atrophies without a complete 
enlargement of the hypocone. A study of the diagram demonstrates, 
however, that the association of sub- types h and c is impossible. The 
recent monkeys [Primates] Tarsim and Jau-'ik afford a good illustra- 
tion of the association of tritubercular. qiiinci uetu I »im*cii la i\ sexitubercular, 
and quadritubercular molars. 

The subsequent evolution of the molars in different orders was 
variously characterized, first, by loss of the primary cusps, the meta- 
conid in the Carnivora, the paraconid in the Ungulata. Second, by the 
loss of some of the secondary cusps, the proto- and meta-couules in 
the Artiodactyla. 2 * Third, by the metamorphosis in the form of the cusps. 
This subject has been fully treated by Rutimeyer. Kowalevsky. l.'oj>e, 
Schlosser, and others. 

Tin Fiihitioii of Trit)thi i cnl if to the 1\ fasti nee of .\fnniintil iun Phifln. — 
The above table shows somewhat indefinitely, but none the less positively, 
the general progression of the Mammalia to and from the primitive 
tritubercular type. As already stated, even with our present very 
limited knowledge, certain stages appear to have been characteristic of 
certain periods, as follows: the tricoiiodont in the lower Jurassic; the 
primitive tritul>ercular and tuljerculur sectorial in the upper Jurassic: 
the secodont and bunodont sub-types of trituberculy, predominated in the 
Puereo; in the P.ridger, the Perissodactyl ungulates had mostly passed 
beyond into the lophodont and symborodont types, and the Artiodactyls 
were approximately in the stage of sub-type c : but the Lemuroidea. 
Creodonta, Insectivora, etc., were, almost without exception, tritul»ereular. 

There can be little doubt that, parallel with the tritubercular forms, 
in each i>eiiod, there were alierrant or degenerate types, but it is difiicult 
to determine which these are. Many Mesozoie tyjies which the writer 
formerly considered aberrant, have now proven to be tritul>ercular. a The 
upper Jurassic genera included under the Diploeynodontida? (see Marsh, 
Anur. Jonrn. Sc., April, 1887, p. -*? :i S ) are apparently alterrant. There 

'See Cope, "Origin of the specialize*! Teeth of the Carnivora," Am. Xaturali*(, 
March. 1S79. 

2 Schlof*er, " Heitrage zur Kenntniss der Stammgeiichichtc der Hufthiere," Aforph. 
Jahrh., ISSti, p. 123, has especially drawn attention to the probability that the Artiodactylu 
were derived from aexitubercular forms. 

*[Manv Artiodactyl families,*. >j. Trigom.lestid.T, Leptochieriihc, Dieholmnida?, Anthraco- 
thcriidje, Elotheriida-. retain the protoconule. The los* of the mcUconule is only apparent, 
f(»r it is represented in the enlarged po8tero-itnernal cusp, analogous in position to a 
cingulum hypocone, in the molara of most Artiodactyla. — Et>. j 

3 See "Additional Observations upon the Structure and Chsiirication i.f the Meaozoic 
Mammalia," i'roc. I'hila. Actul.. Nov., 188S. 
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are several degenerate types among the I'uerco and Wasatch Creodonts, 
such as Dissact's and ALw)nt/.v. But there is a striking proof of the 
superiority of the tritubercular molar in the fact that, according to our 
present knowledge at least, the Jurassic mammals possessing ahermnt or 
degenerate molar ly\yen did not persist into the I'uerco, nor did such types 
in the I'uerco persist into the IJridger. There is some doubt as to the 
persistence of the sub-tritubercular stages; the writer formerly considered 
the T/t i/fuci/ttti.s molars as tricouodont : but Mr. Lydekker has called 
attention to the probability that the metacouid has disappeared and been 
replaced by a heel as in the sectorial teeth of the Carnivora. The dis- 
appearance of the degenerate types may be attributed to the general 
principle that rapid specialization and loss of parts leads ultimately to 
extinction, by depriving the animal of the means of adaptation to new 
conditions or surroundings. The mechanical superiority of the trituber- 
cular type over every other has been repeatedly demonstrated in its 
plastic capacity of adaptation to the most extreme trenchant and crushing 
functions. 
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TRITCBERCCLY IN RELATION TO THE HIM AN MOLAR TEETH 

AND THE PRIMATES. 

1. 

( )nt< h;eneti<* Development of the Teeth. 

[Reprinted from u paper in the A nato>iii*cht)t Anziitjir, Jahrg. VII. (1892). Svo, Jena, 
pp. 740-74", entitled "The History and Homologies of the Human Molar Cusps 
(a review of the contributions of Dr. A. Fleischmann, Dr. Julius Taeker. and 
Dr. Carl Rose!".] 

The embryonic development of the cusps of the molar teeth in the 
Mammalia has lately been discussed in two very interesting papers by 
Taeker 1 and Uose, 2 anil the homologies of the upper and lower cusps have 
been investigated by Fleischmann/ 1 The work of the latter is based upon 
the comparative study of recent types of molars, and the author reaches 
the conclusion that the system of homologies proposed by Cope 4 aud 
expanded by Osborn r ' between the upper and lower molars is erroneous. 

Taeker's paper is chieily devoted to the study of the succession and 
embryonic form of the molar cusps in different .Ungulates: he supports 
by ontogeny the view based upon palaontologv that the ancestral cusps 
were conical; he shows that in the lion,- mo/nrs the ontogenetic order of 
development corresponds with the phylogcnefic order as traced by Cope 
among the fossil forms, but that in the v]>j>, ,- molars the ontogenetic order 
does not correspond with the primitive phylogenetic succession as traced 

1 " Zur Kt-mitnis dor Odontogcnesc Wei Ungulaten,'' Dor pat, 181fc>. 

'' " UWer die Entstehung und Formal>aiiderutigtii der mensehlichen Molaren," Anat. 
A itz., 1««, Nr. 13 u. 14. 

^"Die (oundform der Uackzahne Wei S;iugetieren und die Homologie der einzelnen 
linker," Berlin, 1S91. 

4 " The mechanical Causes of the Development of the Hard Parte of the Mammalia," 
Jonrn. of Morphology, ISSy. Also earlier papers. 

""'The Structure and Classification of the Mesozoic Mammalia," Jottru. A curl, Xat. 
Sr. /Vit'/a., 1SSS, p. '240: also: "The Evolution of Mammalian Molars to and from the 
TritnWercular Type," Aimrunn XaturaiiM, 1SS8. 
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by Cope. I'pon the whole, however, he finds a very striking parallelism 1 
l*?tween eiulu yogeny and phylogeny hoth as to the form ami succession of 
the cusps (see Tahle on p. ~> 1 ). 

Hose's paper is also of great value in proving that in Homo and 
lU'lrfphi/s, representing two widely separate classes, the embryonic history 
of the lower molars approximately repeats the ancestral history ; he 
independently supports Taeker in the conclusion that the upper molar 
« usps do not repeat the ancestral order assigned by the Cope-Osborn 
theory, he therefore agrees with Kleischmann that we have mistaken the 
history and homologies of the upper molar cusps, and suggests very 
courteously that the Oshorn nomenclature should he transposed to cor- 
respond with the embryological order; he further advances the original 
theory that the mammalian cusps have arisen not by addition to the 
single reptilian cone, but by the fusion of a number of cones together. I 
will first consider the main principles involved in these ]>apers, and then 
mention some of the less important special points. The following table 
exhibits the correspondence and contrast between the phyletic and 
embryonic succession, as well as the homologies and order of appearance, 
according to the Cope-Osliorn theory. 

From this table the striking parallelism 1>etween ontogeny and 
phylogeny in the lower molars is brought out. Also the contrast k'tween 
the early appearance of the hifpaconui lioth in phylogeny and ontogeny 
and the late appearance of the hifjux-om' phylogenetically and ontogeneti- 
rallv. 

1. That Uu prim it in form of mammalian molar wax a siagk com to 
ichieh all the, ofhir c/isps hair lur.n xticnssitcfi/ whhd. I may first take 
up the different theory of cusp origin proposed by Hose, and observe that 
whatever support it may receive from embryology is offset by the over- 
whelming evidence of palaeontology. In figure 38, I have epitomized the 
slow transformation of the single-fanged conical reptilian tooth (1), such 
as we see ]>ersisting in the Cetacea,* into the low-crowned human lower 
molar (8). The first departure towards the development of lateral cusps 
is seen in the triassic Diomath* rinm (2): the second is in the contem- 
|M»rarv Mirrocom»lo,i (3) ; the third is in the jurassic Spalacothi ritnn (4) : 
in the fourth ( Amphith, riom, Jurassic) (.">), we see the three cusps of the 
primitive triangle and the first cusp of the talon, ////'. In Miaci* of the 
lower Kocene (6) the figures of the internal and crown views of the three 
molars show how the primitive anterior portion (trigonid) of the crown 
was reduced to the level of the posterior portion (talonid) while retaining 
all of its cusps. In the next figure (7) we see the lower molars of the 

'SeeOsborn, " OdnntngemsiH in the Ungulates," A met: JW., 1S92, p. 621. A fuller 
review of Dr. Taektr's paper. 

♦[More probably secondary in Cetacea. See pp. 7ft, 100. — En. ] 
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oldest monkey or lemur known, Anaptomorphv% which illustrate the 
loss of the antero-internal cusp or paraconid, pa' 1 , — this is present as a 
rudiment in m 1 and »t 2 , but has disappeared in m*. This accounts for 
the history of all the cusps in the human lower molar. Thus in the rich 
series of Mesozoic 1 and lower Eocene Mammals we can observe the actual 
rise, succession, and decline of all the six cusps, and do not require any 
new hypothesis to explain their appearance. 

Dr. Rose supports his fusion hypothesis by a reference to the Multi- 
tuberculates (p. 101); he could hardly have made a more unfortunate 




7. Aimptoiito.fihm. M. llom«.\ 

choice, because between the little pauei-tuhercular Aficrolcste* of the upper 
Triassic and the multi-tubercular Neoplasia >'la> of the lower Eocene we 
can follow the successive addition of tubercles with ease. I expect soon 
to demonstrate that the molars of this aberrant group were also of 
tritubercular, Le. haplodont origin.* 

It is a striking fact that all + the molars of the Triassic and Jurassic 
periods are distinguished by one conic cusp much larger ami more 
prominent than the others which are smaller and upon a lower level. 
What are the positions and homologies of this cusp in the upper and 
lower teeth ' 

1 See the Memoirs of Owen and Osborn upon the Mesozoic Mammalia. 

*[See, however, the later views expressed on page 105, foot note. Ed.] 

t[Even in MU roU *i> * one cusp is higher than the others. (See Fig. 48. p. 102.) But 
too much importance should not be attached to this fact. — Ki».] 
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2. That the protocone is invariably the anterior lateral (antcro-external) 
cusp in the lower molars atal the anterior linf/naf (antero-internal) cusp \u 
the upper molars. The former part of this proposition is now almost self- 
evident. It is absolutely proven in such a series as we see in Figure 08, 
and is now corroborated hy the embryologieal researches of Taeker and Itose. 

As to the present position or homologue of the reptilian protocone in 
the upper mammalian molar there is relatively, I admit, more room for 
doubt, mainly for the reason that fossil upper jaws are very scarce. If. 
as held by Fleischmann and Hose, the antero-eMemal cusp is the protocone, 
then the whole system of homologies held by Cope and myself falls to the 
ground. Let us look at the evidence : 

First : In the numerous upper jaws of TrUonmlon (Figs. 7, 8) of the upper 
Jurassic, the main cusp is always the middle one of the three, correspond- 
ing with the large middle cusp of the lower molars which we know to l>e 
the protocone. Second : In the upper molars of Spalatotherinvi * 
(Jurassic), in which the lower molars are of the simplest tritubercular 
type (Fig. 36, No. 4), the most prominent cusp by far is the antero-internal, 
supporting my view. Third : In all the Amblotheriidae + of the upper 
Jurassic there is a triangle of cusps in both upper and lower molars, in 
each the apex is formed by the most prominent styliform cusp, this is 
antcro-external in the lower molars ami antero-internal in the npjiee molars. 
Is it at all probable, at this early period, when the protoeonid is still the 
most conspicuous cusp in the lower molars that a corresponding cusp of 
the same form, but reversed position, invariably found in the upper 
molars is not homologous ? According to the Fleischmann-Rose view it 
is not, but the main lower cusp is homologous with one of the spurs of 
the main upper cusp. Fourth : There are other important grounds of a 
mechanical nature. Starting with the study of modem, instead of the 
oldest fossil forms, Fleischmann has, I lielieve, reached not only an 
erroneous conception of the homologies of the separate cusps, but of the 
equally important homologies in the functional regions of the upper and 
lower crowns. In each we may distinguish two regions : 

The elevated primitive triangle (trigon) with a primitive cutting, 
piercing or sectorial function. 

The depressed heel (talon), with a primitive crushing or grinding 
function. 

In the earliest stages the upper and lower molars were simple 
triangles of cusps, as in the modern ( "ape Mole, Ch ri/sochluris. { The lower 
molar had the apex (protoeonid) turned outwards and the base (para- 

*[ Regarded as a synonym of J'erotate*. (See p. 35 ami Fi^. 12.)— En. J 

> [Represented by Kh notion (Fig. 13, p. 26), t>ryalf*ta (Fig. 14, p. 26) — Kl>. ] 

tfAccordiug to the view* expressed on pages 124, 126. 227. the form of the molars 
in Chrysochtori* is entirely secondary.— Ei>-1 
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aud meta-conids) turned inwards, while the upper molar had these 
relations reversed. As shown in the accompanying diagram (Figure 39), 
the opposition of these triangles makes a perfect cutting mechanism, ami 
as ( 'ope has shown this is effective at every stage of development. If 
the protocone were at the outer angle of the upper molars, it is impossible 
to conceive of an effective series of intermediate stages * 

The first stept towards the crushing function is the development of 



trig on- 




Lower Molar. Upper and Lower Molars op|.osed. Upper Molar. 

. Fiu. :is>. Key to PUn of Upper and Lower Molarx In tritubcrculate mammal*. Each tooth 
consist.* of n triangle (fWj*>#») with the protocone ( ;»•) at the apex. The a|>ex ix on the inner aide 
of the upper molar* and on the outer »ide of the lower molar*. [In c the upper molar i» I'm 
far Internal and interior. The protoeone of the upper molar should fit into the ha*in of the 
talontd of the lower molar. See Kitf*. -JO, 'JU\ LW.-K|..| 

the hypuconid upon the incipient talonid which is later reinforced by two 
more cusps, the entoconid and hypoconulid. Thus the entire heel or talouitt 
is complete upon the lower molars before it commences to develop vpem the 
upper molars, as shown in Auaptomorphvs (Fig. 3(5, No. 7, and Fig. 40, 
No. 9, Fig. 130) as well as in the ontogeny. 

T'pon the upper molars the talon is only developed in bunodont types, 
such as the Primates and Ungulates, to still further increase the crushing 
area of the crowns; it always arises as seen in the Primates (Fig. 40), by 
a slow upward growth from the cingulum, opposite the protocone. In 
its early stages the hypocone, /<//, always resembles the early stages of the 
hypoconid and conclusive proof of its talon-like character is seen among 
the Condylarthra (Haploconus), in which it appears as a wide separate 
heel. So far, therefore, from the truth of Fleischmann'.s supposition that 
the upper molars have one more element (the " ciitomerc ") than the 
lower, exactly the reverse is the case, for the lower molars early acquire 
much the greatest extension of the talon, while retaining all the elements 
of the trigon. 

*[In opposition to this, however, see the views of Gidley in Fig. -208. — Ki». | 
+ [This paragraph appears misleading. Sec pp. (>l # . 68*, 82\— Ei>.] 
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A Wautiful illustration of the fundamental pattern of trigon and talon 
in the upper human molars is shown in Hose's figure 4 of the molar of a 
six months' child (Fig. 42). The protocone makes the apex, and is con- 
nected l>v two spurs with the two external eusps, the space Ixstween 
which is comparatively open as in the primitive forms. 

Thus the homology of the antero-internal cusp of the upper molar 
with the protocone is well supported by paln-ontology and by dental 
mechanics, but how shall we meet the embrvological counter-evidence 
established by the agreement between the independent investigations of 
Rose and Taeker ? 

This is also, I believe, explained by a study of the fossil forms. As 
we have seen in the most primitive types the protocone was the most 
prominent cusp in both jaws, but in course of later development of the 
upper molars, during the Cretaceous and Eocene periods, the protocone was 
depressed to the level of the paracolic and inetacone (see the primitive 
Carnivora, Creodonta, and Insectivora). On the other hand, in the lower 
molars the protoconid retained its relatively prominent position and size. 
If the ontogenetic development of the lower molars corresponds with the 
ancestral order, it is probably because the relative primitive }>osition of 
the cusps was conserved ; whereas in the upper molars, in which there is 
less correspondence, it was lost. I find in the lower Eocene Ungulates 
that the paracone and inetacone are more important cusps than the 
protocone. So far as the fossil Primates of the lower Eocene are known, 
we find the protoconid is the most prominent cusp in the lower molars, 
while in the upper molars the protocone is less prominent than the 
external cusps. Rose's argument really turns therefore upon the expecta- 
tion that fd'tal development should repeat ancestral history of the 
Cretaceous period ! As the flattened form of the crown is from the start 
a Canozoic type, we should hardly expect the order of cusp succession to 
invariably revert to a Mesozoie type. While not thoroughly convincing, 
there is a great deal of force in this way of meeting the embrvological 
data, 

AWo ndatare. Rose (p. 400) apparently mistakes the homologies of 
the lower molar cusps of man, for he has overlooked the fact that the 
primitive anterior lingual cusp, or paraconid, has degenerated in the 
Primates (excepting in a few U*murs) while it persists in JJute/phj/s. Tt 
is not seen in the human lower molar at all. iLs declining stages mark 
the loss of sectorial function and can be readily followed in the lemurs, 
and fossil monkeys: as shown by Cope and myself it degenerates while 
the hypocone in the upper molars develops. It follows that the anterior 
lingual in man is the metaconid, while in D'uklphy* it is the paraconid 
and the mid-lingual is the metaconid. The posterior lateral cusp is 
undoubtedly the hypoeonid. Rose proposes the term " pentaconid " for 
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the distal i»r posterior intei mediate cusp (///'', Fig. 38, No. 8). The term 
is inappropriate, liecause this is not the fifth hut the sixth cusp when we 
reckon the paraconid. It is analogous to the intermediate tuhercles of 
the upper molars — I have therefore suggested the term " hypoconulid " 
fur it : this cusp is almost universal among lower Eocene Mammalia: in 
the last lower molar it forms the additional lohe ; it is found strongly 
developed in many of the higher Primates. 

Rose (p. 406) expresses the Wlief that the typical form of primate 
molar was quadrituU'icular as opposed to Cope's view that trituherculy in 
human dentition is a reversion to the Lenmrine type. The study of the 
fossil forms as well as of any complete zoological series can leave no doubt 
that the quadrituliercular form is a comparatively recent acquisition. 

In conclusion, I would refer hoth these authors to the types of molar 
teeth found among the Mesozoic Mammalia. It was while studying the 
rich collection in the British Museum that I became convinced of the 
force and universal application of the tritul»ercular theory proposed hy 
(_'o|»e. 

Amkkhas Mciski'm ok Natckai. History, 
Nkw York, .fnf>/ 18f/<, \HU± 

2. 

TlIK HlSTOKY OK TIIK ('USPS OF TIIK IIl MAN Mol.Ali TkETII. 
Addieaa before the New York Institute of Stomatology, April 19th, 1895. 
[ Reprinted, under the title given above, from the InUrnational Dtntal Journal, .1 «ly» 1895.] 

I wish to congratulate the members present upon the formation of 
this Institute of Stomatolotfif. It seems to me to mark one of the 
stages in the remarkable specialization of human knowledge when, at 
the present time, it is proposed to devote the work of an entire 
society to the scientific study of the mouth parts, as I understand 
your object to l>e ; and I also gather from the fact that you have 
asked me, as a comparative anatomist, to deliver an address this 
evening, that you look at the subject in two ways, — from the stand- 
point of applied or practical science ami from the stand-point of theory. 
It is on the theoretical side that I should like to bring ltefore you 
this evening the history or orit/iu of the cusps of the hitman molar 
treth. 

We take up this skull of an Kskimo, and you will observe that 
the teeth (Fig. 40, No. 11) are slightly worn, ami that the molars 
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have four cusps. 1 Half a century ago this would have l*een con- 
sidered as something ultimate, simply as an adaptation to human 
diet ; hut now that we have come to understand the doctrine of 
evolution, we ask ourselves, What is the meaning of these cusps ' 
what is their history '< what is their origin ? Now, these four cusps 
which are present on the four corners of the teeth might lie explained 
by evolution in three ways. We might imagine that the crown of 
the tooth was originally a low rounded summit, and that on the 
summit these four cusps appeared at each angle : no one has 
advocated this. Or we might imagine that they represent the coming 
together of a number of tips of pointed teeth, such as we see in the 
jaw of this member of the dolphin family ; this is the theory which 
has l>een recently advanced in Germany, and it has been called the 
44 ctmp I'oncrtscaicc " theory. Or, again, we might imagine that these 

pa ; ,m - p4. me. pa - '»<•• P»- me. 

tit ft>k \^f\ 

A Z n <>'■ *' C pr. 

Ji 10 1 1 

Kin. 4">. Evolution of thu llunmii l"l>|>ei- Molar*. !', A»»i-tuu<<-ri>Uv*. a lower Kinviif imoikc.v 
10. An upf^r E>Ht<iie monkey. 11 mid 12. Hiinmu . 11. K«|iiini uix ; 1.', Xc^rn. Sw addition of 
" tldol). " A to " tl'itfoh " ioin|M)»cd of jxi, fir, ,„t. 

cusps have originated by a gradual addition to the sides of a primitive 
single cone: this we call the "cusp differentiation " theory, or the theory 
of cusp addition, in distinction from concrescence. The differentiation 
theory is supported by Cope, by myself, and others in this country. 

Now, suppose an evolutionist were to trace back the history of the 
monkeys and of other animals among their fossil ancestors, he would 
find that the further back his researches extended the more simple 
the types of the teeth would be : he would find that the teeth 
of the oldest types of ancestral mammals have a simple conical 
form, the form that is preserved in the teeth of the whales and the 
dolphins of the present day (Fig. A % 1*A, p. 04). or in the Edentates 
as represented in the group to which the sloth and the armadillo of 
South America Mong.* 

We have the same type of conical tooth preserved in the human 
canines, and if we turn from the teeth of man, in which the canine 
has almost entirely lost its original laniariform or tlesh-tearing shape, 
to that of the lower monkeys, we see that the canine is really a 

1 K. D. Cope, "On the Tritubcrcular Molar in Human Dentition," Jour, of J/o»- 
pholoijy, July, 18HH, p. 7 

*[In both groups the simple conical form is now believed to bo secondary (pp. 79, 151, 
191). Ei.. J 
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pointed tooth: so that we may draw a suggestion from this fact 
that all the teeth of the series at one lime were pointed. 

It is moreover true that wherever we find these pointed teeth 
they are present in the jaw in large numbers, sometimes sixty or 
seventy on one side and usually running far hack into the mouth, 
and it is this fact which led to the surest ion of the theory of 
4i concrescence " in the formation of molar teeth. 

• 

The CuHcnwncc Thorif. 

You might- at this stage he not inclined to take this " concrescence 
theory " seriously, hut my address has l>een suggested largely hy the 
fact that it has heen taken very seriously hy some well-known 
anatomists in Germany : as seen in the position of Professor Schwalbe, 1 
in a recent article, in which he reviews the entire literature in 
regard to the formation of teeth published during the past fourteen 
or fifteen yeai-s, and concludes that in the concrescence theory 
ami the differentiation or cusp addition theory the evidence is so 
evenly Kilanced that he cannot decide between them. It is, therefore, 
a question sub jiu/icr, and worthy of the attention of odontologists. 
As to the source of this theory, it was proposed simultaneously by 
two (Jermans, both of whom claim the credit of originating it. One 
is Dr. t ail Hose, a physician of Freiburg, a man of Hue powers of 
research and great energy, since he has, during the past few years, 
issued in rapid succession a series of valuable papers on the embryo- 
logical development of the teetn, which place him in the front rank 
of students of this subject in this decade. The other is Professor 
W. Kiikenthal, of Jena, whose views sprang principally from the 
study of the teeth of whales. While these two writers are in doubt 
as to which should enjoy the precedence, I find, in correspondence 
with my friend Dr. Ameghino, of the Argentine Pepublic, also 
originally a physician and now a distinguished paleontologist, that 
he promulgated this theory as far back as 1884. In a work which 
lie published at that time, entitled Fihxjnua he says: "For the 
reasons we are about to give it is evident that all mammals which 
possess compound teeth have in past periods possessed a very 
much larger uuiulter of teeth, but of o^iile simple conical form, 
like those of the modern dolphin. The most primitive mammals 
must also have had a number of very elevated teeth, but it is diffi- 
cult at the present time to determine how large this number was. 
Nevertheless, if we take as an example a mammal in which the 
dentition is complete, as in the M<teraii<h, uia 2 or in the horse, and 

' " Uelxsr Theorien iter Dentition," Analomiichrr Amei-jtr Ctntr»H>tut( , I SIM 
2 This is one of the peculiar extinct South Aincricau hnofeil uniiiuilw 

f 
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if we reduce the number of its compound teeth, we find that the 
most remote ancestors of these forms must have possessed more 
than one hundred and fifty teeth. This number is certainly not 
exaggerated, because Pr'wlmi, the giant tatusia (armadillo), a mammal 
in an already quite advanced stage of evolution, possesses nearly one 
hundred simple teeth, and in the dolphin this number rises from 
one hundred and fifty to one hundred and seventy." I read this 
to show that if there is any truth in the concrescence theory, Dr. 
Ameghino partly deserves the credit for it. Moreover, we learn from 
Schwalbe that the same theory was advanced by Professor Gaudry 
in 1878, and still earlier by Professor Magitot in 1877. 

Now let me illustrate, in a very simple manner, what is meant 
by the theory of concrescence and how we can imagine that the 
human molars have been built up by bringing together a nuuii>er 
of isolated teeth. Placing a number of conical teeth in line, as 
they lie in the jaw of the whale, they would represent the primitive 
dentition. In the course of time a number of these teeth would become 
clustered together in such a manner as to form the four cusps of 
a human molar, each one of the whale-tooth points taking the place 
of one of the cusps of the mammalian tooth, — in other words, by a 
concrescence, four teeth would be brought into one so as to constitute 
the four cusps of the molar crown. Vertically succeeding teeth might 
also be grouped. 

Now, what evidence is there in favour of this theory, and what 
is there against it ( First, there is this, that all primitive types of 
reptiles from which the mammalians have descended and many 
existing mammals, as we have noted, have a large number of isolated 
teeth of a conical form : secondly, we find that by a shortening of 
the jaw, the dental fold or embryonic fold, from which each of the 
numerous tooth-caps is budded oft' in the course of development, may 
l»e supposed to have been brought together in such a manner that 
cusps which were originally stretched out in a line would be brought 
together so as to form groups of a variable number of cusps accord- 
ing to the more or less complex pattern of the crown. 

What may be advanced against this theory ? This, and it is 
conclusive to my mind : we find at the present time that cusps, 
quite similar in all respects to each of the cusps which form the 
angles of the human molar, are even now being added to the teeth 
in certain types of animals, such as the elephant, whose molar teeth 
cusps are being complicated now or until very recent times. Then 
we find in the Mesozoic period certain animals with tricuspid teeth. 
Now, according to the theory of concrescence these teeth ought not 
to show any increase of cusps in later geological periods ; but as 
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we come through the ages nearer to the present time we find that 
the successors of those animals show a very much larger numl>er 
of cusps. How is this increase of cusps to be accounted for ? Has 
there l>een a reserve store of conical teeth to increase the cluster i 
No. Most obviously, to every student of the fossil history of cusps 
there is no reserve store, but new cusps are constantly rising up on 
the original crown itself by cusp addition. 

However, do not let me give you the impression that these 
researches of Hose and Kiikenthal are not of the greatest value 
and interest: we shall see later on how the very facts of embryology 
which are advanced by Dr. Carl Rose in support of his hypothesis 
can be turned against him and used to support the differentiation 
theory. 

I have no doubt manv of vou have observed, in the examination of 
human lower molars, that occasionally instead of having four cusps 
they have five. The fifth cusp always appears in the middle of the 
heel, does it not, or between the posterior lingual and the posterior 
buccal ? You find this in the monkeys and in many other mammals, 
but I know of no record of the ancient anterior lingual reappearing. 

So we see that the human lower molar tooth with its low, quadii- 
tubercular crown has evolved by addition of cusps and by gradual 
modelling from a high-crowned, simple-pointed tooth. Now this, and 
I say it with great confidence, is what has actually taken place. 
It has not come about by bringing together single reptilian cones : it 
has been simply by the addition of one cusp after another to an 
original single reptilian cone until there were six cusps, and then, 
in the adaptation and fitting of the lower teeth to the upper, one 
of the cusps has disappeared. This cusp was the primitive anterior 
lingual, or, in comparative anatomy, the pamconul (Fig. 38, No. S). 

Now let us follow the history of the upper teeth and see why 
the " primitive anterior lingual," or paraeonid, in the lower jaw has 
disappeared. 

You are constantly in your practice, observing that one tooth in 
the lower jaw gets into the way of another tooth and has to be pushed 
out of place in order to place its opponent in the upper jaw into 
its proper position. This is exactly what Nature has done ; Nature 
has abandoned that lower cusp simply because, in the simultaneous 
transformation of the upper teeth from a three-cusp to a four-cusp 
type, there was no room for it. 
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Mrchattirof Relation* of the Upper (out Lower Teeth * 

Let us examine the upper teetli. We must say, in the first 
place, that our evidence heie is not nearly so complete, because a 
lower jaw, from its thin nature, is more apt to he preserved fossil 
than an upper jaw ; so that in the older rocks we meet with ten 
lower jaws to one upper jaw, and we cannot get the same evidence 
as to the history of the upper jaw that we have of the lower; hut 
although we are not ahle to trace the history of the upper teeth 
with the same accuracy or degree of certainty, we have every reason 
to think it was the same. We find the upper teeth shajteil like a 
trianff/r, as in Figs. 12, 13, 14, so we may imagine that the same 
triangle which was formed in the lower jaw was formed in the upper 
jaw, with this important difference, that in the upper jaw the base of 
the triangle was turned outward whereas in the lower jaw the Uise 
of the triangle was turned inward (Fig. 36, No. 4). 

What I mean by this is illustrated in the accompanying figure 
(Fig. 41, A — •/), which is an epitome of the whole history. The 
upper teeth are represented solid, the lower teeth as hollow circles. 

In A we see a row of single cusps, the lower somewhat inside 
of the upper. In B the lateral cusps are added. In C they are 
enlarged. In D the cusps are pushed outward and inward into 
triangles. In E a spur is added on the lower molar triangle, which 
in and G grows out into a broad heel. In H and / a spur 
appears upon the upper molar triangle, and in J this causes the 
lower molar triangle to lose its anterior cusp. Nature has corrected 
any possible interference between these triangles in a simple manner 
by turning the base of the triangle of the upper molars outward 
towards what you call the buccal side. In the lower jaw, on the 
other hand, the l>ase of the triangle is turned inward to the lingual 
side, so that finally we have the two triangles alternating, coining 
together as in 1) and making a beautiful cutting mechanism : because 
if any food gets in lietween these triangular shears the food tends to 
press these teeth forward and backward, therefore crowding the teeth 
more closely together and tending to tighten and improve the shear, 
whereas if the teeth were placed in line, as in (', and food were 
to get in between, the ellect would lie to crowd the two jaws apart 
and lessen the exact cutting power of the shear. 

Now we see that we can compare the lower and upper triangles 
to each other. How about the heels or spurs, ami why were 
they developed ? They were developed localise these animals required 

* [Other mitl more recent views in* to the mechanical relations of the evolving tooth 
parts are presented on pp. Ul* IW* 82* Kigf. "JOS. 209. -Kl>.] 
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crushers as well as cutters*: they required to In-oak up their food, 
and consequently a crushing surface was developed in each heel. In 
the course of time the animal gave up its cutting and tearing 
function, and in all the group of animals to which man belongs it 
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Kio. O. Meihsuih* ..f <uni> Addition (dUtrniuuuutic). (oruimre with shndod drawing* in 
r'h/nre a*, the onion! sU^e ' <N'->. 1); fi. C, the trioon.tdont (dago** (No*. 2, 3); /*, the first 
triangular -djlgo t (No. 4); /•, 6', l he triangular uri|H.-r molar, tin- lower molar*, with triangle 
and heel (Now. r >. i'., 7, H, I, upper and lower molar*, with triangle ami heel; J, human type. 



niolnr*, with four eu»p», triangle, and heel (No*. 10, 11, I'.'); lower molar*, with fl ve emp*, 
antero-interiial eu»p having diMippeared (No. s). |(Vm|inre 1 1 1 i .•«. iiiai{niiii with that of Mr. Oidley 
on |>. '21**. It in now regarded l>y Professor Os)*>rn u* erroneous in several jurticularti. — Et>.) 

• Sotr that Ihr ll|i|.rr t-cth lliUrk' l.lU- ..Ilt.idf thr l..»rr Irr-Wi lur Ki»- 2JI». 

1 Not* that th* |»r,.t.. lU ..r, Lite tl»l.lr ..f »■><! l*l««-h tlu- 1„*« r trrtl. ■•<•<■ Ki». iil .. 

acquired a purely crushing function, as seen in the teeth of the 
bal>oon. As that became necessary, the next step was to transform 
the entire upper tooth into a crusher as well as the lower, and to 

* [While the anterior and posterior of the upper and lower tiinnglen no doubt 

formed the principal cutting surfaces, yet the principal piercer and crusher in the upper 
molars is the internal tip of the triangle, namely, the protocone, which opposes the talonid 
below. The hypocone is an accessory crusher developer! to oppose the trigonid and the 
space back of the preceding lower molar. -Ki).] 
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till out all the spaces between them, so that a square lower tooth 
would abut against a square upper tooth, as in J, and this was done 
by simply adding a heel to this tooth. Now, what would that heel 
come against in I { It would come against the anterior cusp of the 
lower triangle ; therefore that cusp had to be removed, so when 
the upper heel was developed this lower cusp was removed and the 
lower molar, which had six cusps, presented only tive ; then the 
second lingual cusp was pushed forward as in ./, and the tooth 
was transformed into a quadrituberculur molar. 

Eridence that flu Upper Human Molars were Triaia/ular. 

How do we know that is so * We have some conclusive evi- 
dence of it in other animals of the group to which man belongs. 
Beginning with the lemurs, the lowest type of monkeys, and entirely 
separate in many respects from the higher types, we find almost 
without exception that the upper teeth are triangular, there 1 icing 
no posterior cusp, so that Fig. 40, No. 9, accurately represents a tooth 
of the lemurs, and it also represents the tooth of the true monkeys 
which we find in the Eocene period; in other won Is, all monkeys or 
all primates (the group to which man belongs) had at the outset 
this triangular upper molar. Then earlier or later in the Eocene or 
Miocene the spur began to lie develojied which transformed a three- 
cusp tooth or a triangular tooth into a quadrituberculur tooth. That 
spur became enlarged and finally, in civilized races of men, we have 
a tooth of this form as the prevailing tyjie of tooth. These stages 
are shown in Fig. 40. 

Now, we might say that the evidence is not perfectly satisfactory, 
because we have no positive reason for believing that the human 
teeth were derived from such a type as this ; they may have come 
along another line of descent, and for that reason we have to show 
here, through the kindness of one of the members of the dental pro- 
fession in this city, the teeth of an Eskimo (Fig. 40, No. 11), which, 
as Professor ( 'ope bus pointed out, differ from the teeth of all negroes, all 
Indians, and all the lower races of men. in presenting in a much 
clearer manner the primitive triangular arrangement of the cusps that 
characterize the lemurs. A friend has just lieen telling us what 
very few of us knew, — that the Eskimos do not chew their food : 
they simply swallow it whole or gulp it down ; and their food 
consists largely of blublier. Pdubber does not form much resistance 
to the teeth, and. whether as a mechanical or an inherited effect 
of the lack of resistance of soft food through many generations 
of hlublier-eatiug Eskimos or not, the teeth of these Eskimos are 
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exceptionally tritul* rcukir. This fact was pointed out l»y Professor 
Cope in his article entitled li Lemurine Reversion in Human Dentition." 1 
Up to a certain point in their evolution the molar teeth of all 
mammals followed exactly the same route* It follows that if we once 
grasp the principles of cusp addition upon this triangular ground 
plan we can compare the cusps of the miliars of man with those of 
any other mammal. In the teeth of the hear, for example, the 
homology is verv obvious indeed. Hut in the teeth of the wit the 
homologies can only be determined when we procure the ancestral 
forms of cats, for in the evolution of the large sectorials many 
cusps have degenerated. Some years ago, when I had fully demon- 
strated the truth of Cope's theory by my own studies, I saw the 
importance of using a set of standard terms for the cusps. These 
have since been almost universally adopted by comparative anato- 
mists, but have not, as yet, 1 believe, made much headway among 
human odontolysis. They are, as follows, as applied to the human 
teeth : 

Uppkr Molars. 
Anterior palatal .... Protocone j 

Anterior buccal .... Paracolic Primitive triangle, or " trigon." 

PoHterior buccal .... Metaeone ' 

Posterior palatal .... Hyjxjcone Primitive heel, or " talon.' 
Lowkr Molars. 

Anterior buccal .... Protocoled | fl .:.,, wr i„ »,.;„^.,.VI " 

Anterior lingual .... Metaeouid |» "«"ti»e trungle, or tugomd. 

Posterior buccal .... llypocouid i 

Posterior lingual .... Kntoconid Primitive heel, or " talonid." 
Posterior mesial .... Hypoconulid ) 

When we understand that all the teeth of all mammals have this 
key, this trituliercular key, we can unlock the comparisons through 
the series and point out the homologies. 

There is further evidence in support of the theory of cusp addition 
which I will now briefly mention. It is that brought forth by the 
very investigations of Dr. Carl Hose, which he has used to support 
the concrescence theory. We should expect, in the embryonic jaw 
that the calcification of the tooth-germ would be very significant, 
t)ecause we know that the embryonic structures in their development 
follow the order of addition or evolution. The order of evolution is, 
to a certain extent, repeated in embryonic development. How is it 
with the teeth f . Dr. Hose has given a most exact account of the 
mode of calcification of the tooth-germ within the jaw; this is also 
now to be had in the form of wax models, prepared by Professor 
Zeigler, of Freiburg. 

1 Journal of Morphology, Vol. II., 18SS, pp. I --J4. 

* [At the present time this statement seems very doubtful. — En.] 
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To liegin with the lower molars, the dental cap in the jaw forms 
a broad, saucer-like surface, and then at the corners of that cap 
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Km. *•>'. Tlu' three Primary Form* of Molnr Teeth, Mccomuirlly attained in three nmdi-rii 
forms. .1, Hi»]jlixio»t, of the Dolphin. H, Ti uonoooiit, of the I.t'ojiani Seal, OijMorK.nf* 
I- i/ltmvs. r, Trituhcivular, of the Cu|K- Molt', (»,;v« -Wncw (see p. lf>). 



calcified points appear (Fig. 42*). Jn what order (Fig. 1) do they 
appear? The order is shown in the following tahle: 

I'OMI'AKISON OK KvoUTION AM) EmHRYOSK' DKVKl.Ol'MKNT. 



I'llKK Mol.AK* . 



Low Ell Moi.AFtS . 



Order hv "<'u»p 
Addition "Theory/' 

I . Anterior palatal. 

i Anterior buccal. 

\ Posterior buccal. 
4. Posterior palatal. 

1. Anterior buccal. 
•1. Anterior lingual. 

3. Posterior buccal. 

4. Posterior lingual. 
Posterior mesial. 



Order of Ktnhrvonic 
Development 

I. Anterior buccal. 

1. Anterior |>alatal. 

3. Posterior buccal. 

4. Posterior jialatal. 

Anterior buccal. 
Anterior lingual. 
Posterior buccal. 
Posterior lingual. 
Posterior mesial. 
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In the lower molar teeth the order of calcification is precisely 
the order of evolution, — in other words, the anterior buccal was 
the first to evolve, representing the reptilian cone : it is also the 
first to calcify. The anterior lingual is the second in age, and also 
the second to calcify. The third and the fourth cusps calcify almost 
simultaneously. So we find that the order of embryonic development 
exactly repeats the order of historical development, and in every way 
presents the strongest kind of confirmation of the theory of cusp 
formation which we have been discussing. But this you see is not 
exactly the case in the upper molars. Nevertheless, out of eight 
cusps in the upper and lower molars considered together, six cusps 
calcify in the order in which they were successively added to the 
single reptilian cone. 

Gentlemen, I trust that I have not in this address taken you 
too far afield. I have reached a conclusion on this subject which 
could l>e elaborated in much greater detail. In closing, I would 
like to refer to the work of Dr. J. L. Wortman, who is here this 
evening, and who was for some years a collaborator with Professor 
Cope in Philadelphia, and who in association with Professor Cope 
had (juite a share in the establishment of the " tritubercular or cusp 
addition " theory. This theory is now a rival to the " concrescence " 
theory : and, while it may not seem a matter of great importance, if the 
concrescence theory may not seem one we ought to take seriously, still, 
in view of the attention which it has gained in Germany, it is 
time that we produce and bring forward the unimpeachable evidence 
which we get of the history of these teeth from the rocks, the solid 
evidence from the geological formations, the evidence of comparative 
anatomy, which, as we have just seen, is so far supported by the 
evidence of embryonic development. 

n/nuoa/iA i'hy. 

Works of reference in addition to those cited above : 

Rose, " Ueberdie Entwickelnng und Formabanderuug der mensch lichen Molaren," 
Anatomischcr Anzcufcr, Band VII., 189:2. 

Kukenthal, 4- Ueber den Ursprung und die Entwickelnng der Saugethier- 
/.ahne," Jenai*che ZeiUvhrift fiir Satuncteteiwhaft, Baud 28, 1893. 

Oaborn, "The Evolution of Mammalian Molars to and from the Tritubercular 
Type," American Naturalist, 1888, p. 1007. 

"The History and Homologies of the Human Molar Cusps," Anatomutclur 
Anzri<j<r, VII., 1892, pp. 74*1-747. 

Cope, "The Mechanical Causes of the Development of the Haiti Parts of the 
Mammalia," Journal of MorplaAwjy, III., 1889. 
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TRITUJiEKCCLY IN ITS APPLICATION TO THE MOLAR TEETH OP 
THE UNGULATES OK HOOFED MAMMALS. COMPLETION OP 
THE NOMENCLATCRK. 

1. 

Disadvantages of rumors Systems of Nomenclative of the 

Molar Cusps. 

I Extract from article entitled "The Nomenclature of the Mammalian Molar Cusps," 

The American X<iturati"t, October 1HH8.J 

In view of the evidence for the almost universal presence of the tri- 
tubercular stage in the present or past history of the upper and lower 
molars, I have already advocated a distinct nomenclature for the different 
cusps which compose this molar and its derivatives, up to the stage of the 
acquisition of six tubercles in the upper molars and five in the lower. 
This is the final stage in which the tubercles remain distinct. The 
nomenclature now in general use is based, for the most part, upon the 
secondary or acquired position, and in no instance, so far as I know, upon 
the demonstrable homologies of the cusps in the upper and lower jaws. 
Compare, for example, the molars of Mioclwnus and Hyopwdns. By those 
familiar with Cope's writings upon this subject, it will be recognized at 
once that the antero-internal cusp of the lower molar of Miinlaum is uot 
homologous with the antero-internal cusp of the upper molar of the same 
genus, nor is it homologous with the antero-internal cusp of the lower 
molar of Ht/opsodv*. 

1. 

Methods of Analysis of Molai: Elements. Nomenclative of the 

molaijs of l'noulatks. 

[Extract from Oshorn ami Wortman, " Fossil Mammals of the Wahsatch and Wind 
River Beds Collection of 1891," Hull. Amrr. Mu-s., AV. Hi*t., Vol. IV., No. 1, Oct. 20th. 
1892, pp. 84-93.] 

In October, 1888, a table of nomenclature for the cusps of the molar 
teeth of mammalia was published in the Anurimn Naturalist * The 
"Osborn, "The Nomenclature of the Mammalian Molar Cusps," op. tit., p. 9*27. 
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terms were carefully cliosen with reference to the gradual rise of these 
cusps from the single cone of the reptilian type, through the trituljercular 
to the sexitubercular stages. 1 They have since been wholly or in part 
adopted by Cope, Scott, Lydckker, Schlosser, 2 Flower, and lately by 
Rutimeyer. 3 The tritubercular stem form has been recognized by 
Doderlein and Fleischmann, but these authors have employed various 
Greek symbols for the cusps. The latter has opposed the adoption of 
similar terms for the main cusps of the upper and lower molars, upon the 
ground that Cope and myself have mistaken the homologies : this 
objection would be fatal to a uniform system of nomenclature for 
the upper and lower cusps if it could be sustained, but a compre- 
hensive survey of the Mesozoic trituberculates, especially of the 
Amblotheriidie and Spalacothermhe, leaves no doubt that the antero- 
e.vterual cusp in the. lower molar* ami the antero-internal cusp in the 
upper molars of the mammalia are homologous irith the reptilian eonc ami 
vnth each other ; these cusps are invariably the most prominent, and are 
always styliform in primitive types ; they always form the apices of the 
primitive crown ; they persist in almost all mammals, while one or all of 
the later cusps may disappear. 

This cardinal point established.it will be a great gain for palaeontology 
and comparative odontology when the further truth is recognized that 
the possibilities of modification of fi/pe in the molars are limited, that 
essentially similar types of teeth are evolved independently over and 
over again, and that in course of what Schlosser has well termed 
' modernization ' we find such diverse orders as Primates, Ungulates, 
Insectivores, Marsupials, Rodents, all exhibiting the same laws of dental 
modification, and the same or similar ' secondary ' cusps, crests and 
peripheral styles. 

Except in the Cetacea and Edentata, these modifications centre 
around the simple tritubercular crown, which seems to possess unlimited 
capacity of adaptation by the development of some parts and degeneration 
of others, by changes of form and position, and by the addition of 
secondary cusps. 

The first step is to distinguish and separate clearly the primary and 
secondary regions of the primitive crown, for originally they have absolutely 
different functions ; the part first developed in both upper and lower 
molars is the anterior primitive triangle or trv/ou, which has a cutting or 
piercing function ; out of its three cones all ' seoodont ' types of molars 
are evolved. The part next developed is the talon, or heel, which has 

'See also Evolution of Mammalian Molars to and from the Tritubercular Type,'" Am. 
XoL. December, 1SHS. 

-Schlosser, " Die Difterenziirung ties Saugethiergebiases," //»o/o</»V/je.v CenfratMatr, 
Juni. 1890. 

*Dif Koran, S,iw m ftthifr. H\/t von E'jrrkwjm, Zurich, 1S!»1 
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a crushing or grinding function, and therefore plays a chief role in all 
* bunodont ' types. The first diagram exhibits the relations of these two 
portions of the crown in the upper and lower molars, and the six primary 
and secondary cusps which typically develop upon each (Fig. 41)* 

We will not enter here into the well-understood transformation of 
this tuberculo-sectorial type into the sexitubercular bunodont type, seen 
typically in the upper and lower molars of the Puerco Protof/onia 
[Fnprotogonut, Fig. 149, p. 169], which is the least specialized ancestral 
bunodont form that has been discovered. We may lay emphasis upon 
the fact that the parent form of vnijvlate molar //a-s sue tubercles both 
above and below instead of six above and four below as formerly 
supposed. 

It is important to remember, as an exception to the law of sexitu- 
bercular origin, that all the Amblypoda and all the l'eriptychidiet 1 (among 
the Condylarthra) developed their upper molars upon the trigonal basis, 
out of the three tubercles of the tritubercular crown, and without 
becoming sexitubercular, that is, without the addition of the hypocone 
or talon. 

Now how shall we study the molar teeth of the early Ungulates, 
especially of the apparently similar primitive forms of l'erissodactyls, 
which are so difficult to distinguish ? The following steps must be 
taken : 

First. Locate each of the six primary and secondary cusps, as far as 
they are present 

Second. Note the form of each, whether rounded (bunoid), crested 
(lophoid), or crescentic (selenoid). 

Third. Note the position of each upon the crown with relation to 
the other cusps. 

Fourth. Note the relatire size or development of each. 

Fifth. Note the relative development of the ciof/nhttn, in different 
parts of the contour. 

Sirth. Note the presence of one or more peripheral secondary eusps. 
which develop from the cingulum, or external borders of the crown. 

Finally. If crests are formed or forming, note the points at which 
the transverse crests unite with the external cusps (paracolic and metacone, 
parastyle and mesostyle). 

* I From the evidence furnished by the molars of the .Jurassic and Cretaceous mammals, 
of the Eocene trituberculate Oeodonts, Insectivores, and Primates (?.<]. Aiia}>tomorphn*). it 
seems probable that the talonid or heel in the lower molars appeared much earlier than the 
no-called "talon" or hypocone in the upper molars. Sec Oidlcy's views on page 221, Fig. 208. 
The hypocone of the upper molars (p. r>9; Figs. 144, 147. 2.12), was developed }*iri jKv<*u 
with the degeneration of the paruconid, and tits in between the entoconid of one lower molnr 
and the metaconid of the next lower molar. It is really a secondary crusher, analogous with 
the protoconc. — El>. ) 

1 There are considerable grounds for removing the l'eriptychidae from the Con.ivlarthra 
to Amblypoda.— O. f [*<<-' P- H'4] 
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These differential features, it will be observed, follow the progressive 
order of evolution in the molar crowns, for in ' modernization ' we see, 
first, a dq/norntiun of one or more of the primary cusps, then a remodelling 
of the form of each cusp which may affect the twelve upper and lower 
cusps very differently : for example, in sucli an ancient type as J/<>m- 
cothcrium we find one bunoid, two lophoid, and three selenoid cusps in 
each of the upper molars. Third, the cusps begin to shift their positions 
upon the crown. Fourth, they begin to develop unequally. Fifth, the 
cingulum, which is primitively a complete peripheral band, begins to 
disappear at certain points. Sixth, one or more peripheral cusps grow 
up from the cingulum or upon the sides of the main cusps. Finally, 
as the crests develop, the unequal development of the cusps causes the 
transverse crests to unite at different points with the external crest. 

We find that if such analysis be applied to the elements of the molar 
teeth we derive an absolutely infallible means of distinguishing different 
lines of descent, for the above are the main features of divergent evolution. 

The primitive horse, tapir, rhinoceros aud titanothere all stand apart 
and cannot be confused ; each have their clear differentia. To check 
the possibility of being misled by )wm/Wwi» in molar form, we should 
next observe the dental series as a whole, the proportionate development 
of different members of the series — the mdatrophUm ; this often furnishes 
the final proof or disproof of relationship, so far at least as can be derived 
from the dentition alone. 

The above method of analysis is the outgrowth of an extremely 
careful study and comparison of all the early Condylarthra and Perisso- 
dactyla, and it has been found necessary to exercise the closest scrutiny 
to distinguish these early stages of divergence.* 

Xow to turn to the subject of nomenclature, the system of terms was 
originally based upon the actual homologies of the primary elements of 
the trigon and trigonid, but in extending it to the other parts of the 
crown and to the secondary cusps it was found that we must apply 
similar terms to some of the later elements in the upper and lower teeth, 
which are merely analogous to each other (performing a similar function) 
occupying a similar position, and developing at about the same period, 
otherwise the terms soon multiply so as to become a burden rather than 
a convenience. [See Figs. 4:!, 135.] 

As far as possible, therefore, the same prefixes are retained for the 
secondary parts of the molars as for the primary; thus the anterior 
transverse crest of the upper molars is called the profo/oph, as it is 
invariably developed by the union of the protocone, protoconule and 
paracone or parastyle, never from the metacoue. The anterior transverse 

[*It should be noted that the molars of the Lower Eocene ancestors of the horse 
(Eohippm) and of the tapir (Systtnuxlon) are closely similar. — Er». J 
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crest of the lower molars is termed the metal ophid because it is always 
developed from the metaconid or metastyle, and protocouid, never from 
the paracouid ; the posterior transverse crest of the lower molars is 
termed the hypolophid, because it is mainly formed by the hypoconid and 
entoconid, never from the metaconid or paraconid. The external crest 
of the upper molars is composed of so many cusps that it requires a 
distinct prefix, but is readily remembered us the ectoloph. So with the 
peripheral cusps, one or more of which are developed in all Ungulates, 
and are especially numerous in molars of the Equida? ; to these the 
terminal -style is applied' in lieu of the English tertu 'pillar' proposed 
by Huxley — we can readily locate the parastyle as the antero-external 
buttress which is developed near the paracone, the mesodyle as developed 
on the outer wall between the paracone and metacone. Similarly, in the 
lower molars, we find in several lines of Ungulates, but again most 
conspicuously in the Equida.*, that the metaconid and entoconid are 
reinforced by little cusps which grow up behind them (a, a and //, b, 
Rutimeyer); these may be termed respectively the mrtastylid and 
tntostylid, while the pillar arising secondarily in the primitive position 
of the paraconid may be termed the parastyiid. 

The principles upon which this terminology is based are therefore 
very simple. 

1. The termination -com: is given to the main primary or central 
cusps, and -comde to all intermediate cusps. 

2. The termination -dyle is proposed for the peripheral cusps arising 
mainly from the cingulum. 

3. The termination -loph is applied to the crests. 

4. The seven prefixes are based upon the succession and position 
of the elements in the primitive evolution of the crown, viz.: proto-, para-, 
mcta-, hypo-, ento-, ecto-, meso-.. The prefixes are first applied to the 
cones ; then to the styles, according to their proximity to the cones : 
then to the crests, according to the cones which mainly compose them. 

5. Homologous and analogous elements in the upper and lower jaws 
are given similar terms, but distinguished arbitrarily by the terminal -t</. 

Upon the opposite page are given the terms formerly employed by 
French, German, and English authors for the teeth of the Ungulates 
before their common tritubercular origin had been discovered by Cope. 
In his ' Enchainements du Monde Animal ' Professor Gaudry, as far back 
as 1878, worked out most clearly the homologies of the molar elements in 
the Ungulates from the sexitubercular-quadritubercular stage onwards ; 
the valuable earlier studies of Rutimeyer 1 are well known. But now that 
the ungulate molar has been found to converge to the unguiculate molar 
type, and both are found to contain the same elements, and to spring from 



1 H'itrwjt zur Kcnnltri** <ler fo-ntitn Hftrth, Btrlin, 1.SG3. 
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the same Mesozoic source, it is important to unify our methods of 
description by adopting a set of terms which refer back to the primitive 
form and position in place of those which were based upon the com- 
paratively modern form and position. 



The above discussion of the homologies of the molar elements of 
ungulates was followed in 1890 by a contribution which may be 
entitled : 

Application of the Theory or Trituherculy to the 

Perlssodactyla. 

(Scott, \V. B. , and H. F. Oahorn, "Preliminary Account of the Fossil Mammals 
from the White River unci Loup Fork Formations contained in the Museum of Comparative 
Zoology. . . . the Periasodaetyla," by Henry Fairfield Osborn. - Bull. Mm. Comp. Zool. XX.. 
No. 3, 1890, pp. 88-91.) 

Thr Horn- Molars. 

The upper molars of Mrsohippus [Fig. 16 If/] clearly show the first step 
in the formation of the po*Urior pillar, pp., which is so conspicuous a 
feature in Anchithcrium, in the posterior valley. This can also be observed 
in a still simpler stage in a specimen of Anchilophm, from the French 
Phosphorites. Step by step with the development of this cusp appears 
the posterior pillar, p, in the lower molars, behind the eutoconid ; this 
accessory cusp can be traced back to the teeth of Epihippiis. When it 
finally unites with the entoconid, in Hipparioii, it forms the posterior twin 
cusp (b, b, Kutimeyer), which is analogous to the anterior pair formed by 
the union of the metaconid and anterior pillar a (a, a, Kiitimeyer). 

Thus the transition from the Mr.sohippus to the Aachitherium molars 
is very gradual, as shown in the accompanying figures. By tracing back 
the rise of the eleven elements which compose the upper Euhhs molar, we 
find that six belong to the primitive sexitubercular bunodont crown. Two 
elements of the ectoloph, the anterior pillar and nudian pillar, rise from 
the simple primitive basal cingulum of the H yraroth^r-ivm molar ; the 
same mode of development, we have just seen, is true of the posterior 
pillar. The eleventh element, the fold of the postero-external angle of 
the crown, p, is not prominent until we reach Eqiiu*. The term 
" posterior pillar " is taken from Lydekker ; the other terms, " median " 
and " anterior," are applied to parts which have an analogous origin from 
the basal cingulum. The remaining coronal cusps are readily identified 
with their homologues in the primitive tritubercular molar. 



V 
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The Rhinoceros Molar. 

The peculiarities of the molars of Aphe/ops [cf. Fig. 1 7 T» , p. 181] will 
be made more clear by a few observations upon the molars of the rhin- 
oceroses in general. The three main crests of the lophodont crown 
may now be distinguished in part by terms which express their 
homologies with the elements of the sexitubercular superior and 
qnadritubercular inferior molars of the primitive ungulate, Phcnacwiiis. 
In the upper molars, the outer crest is formed by the union of the 
primitive paracone and metacone, to which is joined the anterior pillar 
(see Mesohippi's, p. 17">); it may be culled the cctohqth. As the anterior 
crest is formed by the union of the protocone, protoconule, and paracone, 
it may be termed the protoloph. The posterior crest, which unites the 
primitive metacone, the metaconule, and the hypocone, may be termed the 
metaloph. The outer surface of the ectoloph in the primitive molar of the 
rhinoceros is marked by three vertical ridges corresponding to its three 
primitive component elements, me, pa, ap [pas] ; one or all of these disappear 
in the flattening of the surface. It will be observed that nothing corre- 
sponding to the ' median pillar ' of the superior molar of the horse is 
developed. In the lower molars (the paraconid disappearing), the union 
of the metaconid and protoconid forms the anterior crest or metaloph vl, 
while the hypoconid and entoconid unite to form the hi/polophitf. 

The secondary enamel folds, which are developed from the three crests, 
bear a most interesting analogy to those observed in the horse series, 
beginning with Protohijrpi's [Eohippus, Fig. 1 6b']; they are outgrowths of the 
same regions of the crown and subserve the same purpose. They are, more- 
over, of like value in phylogeny. The useful descriptive terms introduced 
by Busk, Flower, and Lydekker, should be adopted in part. 1 These 
secondary elements consist, first, of three folds projecting into the 
median valley, one from the ectoloph the crista : one from the proto- 
loph, the crochet-,* one from the metaloph, the an!eerochd.+ Secondly, 
the ectoloph unites with the posterior cingulmu and metaloph. Thus 
the anterior and posterior valleys may be cut on** by the union of these 
folds into from one to three ' fossettes,' precisely aualogous to the ' lakes * 
in the horse molar, except that they are not filled with cement. 

1 The terms ' protoloph ' and ' metaloph ' are, however, substituted for ' anterior collis ' 
and ' posterior collis' of Lydekker. The term 'anterior pillar '-' first eosta,' and 
' paracone ' = 'second costa. ' The mode of evolution of the ' pilliir ' must have been similar 
to that in the horses, where Lydekker has proposed this term for the ' posterior pillar.' It 
is very appropriate, localise the pillars in their earliest development can lx> shown to rise 
independently from the eingulum (see Meaohippu*, p. 175). and not as folds of the main 
elements of the crown, as we should infer from their fully developed stage. 

* [Should have read anterrochtt. -Kd.] 

+ [Should have read rrochef.— En. ] 
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SECOND OCTLINK (1807) OF TRITCHEKCl'LA It EVOLUTION IN 
MAMMALIA. WITH DISCUSSION OF CRITICISMS. 

(Reprinted from un article entitled " Tritubercnly : A Review dedicated to the late 
Professor Cope," Tht A itxrimn Xaturnlixt, December 189", pp. fHW lOlH ] 

Tub morphology of the crowns of the mammalian teeth has sprung up 
practically as a new branch of study since Edward I). Cope and other 
palaeontologists have demonstrated the unity of derivation of all the com- 
plex forms from the tritubercular type. The older works and ideas of 
Ouvier, Owen, Huxley and others are of comparatively little service now, 
for they treat the teeth of each order of mammals as of so many distinct 
types, whereas they must now he treated as modifications of one type. 
This new odontography of the mammalia may be dated from the time 
when it was recognized that the crowns of the teeth of the Unguiculata 
and Ungulata, in the comprehensive Linnaxm sense, are based upon a 
common type and are composed of homologous elements of similar origin, 
as developed by Cope, Osborn, Scott, Schlosser and others. It dates also 
from the new embryology of the teeth as studied by Leehe, Kukenthal, 
Taeker, Rose, Woodward [M. F.] and others, with the revelations as to 
primitive form, number, and milk succession. 

lint to fully establish the morphological branch in its new era we 
must first demonstrate the theory of a tritubercular archetype. This has 
been opposed in one form or other by nearly all English morphologists, 
namely : Lankester, Forsyth-Major, Newton-Parker, M. F. Woodward, E. 
S. Goodrich, Marion .Tims. It has been accepted only by Flower and 
Lydekker. In Germany it has been accepted by v. Zittel, Schlosser and 
PvUtimeyer ; Schlosser, especially, has made important contributions to the 
evidence. The theory is accepted somewhat reservedly by the embryo- 
logists Rose, Leehe, Taeker and others, who have attacked rather the 
homologies of the upper and lower cusps than the theory itself. In 
France it appears to have made little headway. In America, Scott, 
Allen, Wortman, Karle and many others are working upon the trituber- 
cular theory and have made important additions to it. It is difficult 
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for the writer to take the " primitive polybuny " hypothesis seriously, 
although it is advocated more or less positively by such able morpho- 
logists" as Forsyth- Major,! Lankester, Goodrich* and Parker. The fact 
that the Multituberculales and Monotremes and certain Rodents 
exhibiting this type are primitive is no evidence that the polybunic 
type itself is primitive. We know nothing of the history of the 
degenerate Monotreme teeth, but we know that the further we go 
back among the ancestors of the Multituberculates and Rodents the 
less " polybunic " and more tritubercular they appear. 

This demonstration once made, as a matter of convenience in 
thought and description, we must revise the old systems of nomen- 
clature which were based upon secondary forms rather than upon 
primary homologies, and which, as a rule, differ in every type of 
mammals and among odontologists of every land and establish a new 
odontography or descriptive method. Finally, we must trace out all 
the lines of divergence in both forms and determine the principles 
which guide them. The importance of a uniform nomenclature is seen 
at once in the accompanying table of terms used among the rhinoceroses 
and horses alone. It could not have been anticipated that the diverse 
molars of the horse and of the rhinoceros, for example, would be limited 
in their variations, in a late geological period, by their unity of origin in 
an extremely early§ geological period. Yet such is undoubtedly the case. 
Compare the accompanying figures of Msn/chippus (Fig. 102) and of 
Acnnthninm (Figs. 17">, 17b"). Imagine that you see the simple 
bunodont molar of such a form as Owen's Hyracother'unn n>lpicips 
[Iqxn-inum] (Fig. 159), underlying these diverse crests and crescents. 
Consult Taeker's Zor Kcimfniss <h r 0<loittu<i* >n In i Unyitlattn and you 
will find that this sexitubercular archetype is not imaginary, but is a 
constantly recurring fact of embryonic development — all the crests ami 
crescents being preceded in the embryo by simple cones. Then compare 
carefully the variations in t tie two teeth as follows : The two " cement 
lakes " of Mtrychippu.s with the two " fossettes " of Aceruth, ri»w, enclosed 
in the former by crescentic spurs, and in the latter by the " antecrochet " 
and " crochet " ; the posterior " lake " and " fossette " similarly enclosed 
by an upgrowth of the posterior basal cingulum. Can any one question 
the homologies between these secondary adaptations to a diet of grasses 
when it is seen that they spring from the same primary cusp centres ? 
In the lower Eocene the sexitubercular prototype passes directly back 
into the tritubercular archetype. So throughout the whole mammalian 
scale not only ungulates, but primates, carnivores, insectivores, rodents are 

*[ThiH list should have included especially Dr. Florentino Amcghino (see pp. 201-2O4 of 
this work!. H.F.O.] t [See p. 205.] 

J [See p. 206.) $[That i», relativity early. »'.« . the C retaceous period.— Ki>.) 
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found playing similar variations upon the primitive tritubercular type. 
There are surprisingly few distinct types, but an almost unlimited number 
of sub-types, or variations of form. As we descend among the older rocks 
anil the various series begin to converge, it becomes increasingly difficult 
to distinguish the different orders bv their teeth alone. Thus it came 
about that all the Eocene monkeys were at first referred to the ungulates, 
or to transition groups, as expressed in M. Filhols composite term J'achi/- 
/emmUius. 

T rit id" irnltir H»mohyi>s. 

Embryologim! The progress which has been made in the 

embryology of the teeth is largely in the matter of the succession of 
double series, as indicated by vestiges of earlier and biter sets of teeth, 
the so-called milk and permanent sets. Enibryogenesis, however, has also 
led to a very minute study of the order of succession of the cones of the 
molar teeth, and without entering into the matter in detail, it may be 
briefly stated that all authors are unanimous in describing the cones of 
the lower molar teeth in different groups as developing in the same order 
in which they are supposed to have arisen in the past, according to the 
tritubercular theory, namely : Protoconid, Paraconid, Metaeonid, Hypo- 
conid. In the upper teeth, on the other hand, enibryogenesis has been 
found to contradict the conclusions reached by the tritubercular theory of 
palingenesis, for all authors have agreed that the order is Paracone, Metacone, 
Prolocoue, instead of Protocone, Paracone, Metacone. When these facts were 
first brought out by Taeker, Ruse and others, the writer, with undiminished 
confidence in the force of paheontologieal evidence, advanced as an explana- 
tion the fact that the protocone had become secondarily reduced in the 
upper molars, and that the embryogeny no longer recapitulated the order 
of evolution. This explanation has received a measure of support in the 
latest researches by Woodward [M. F.], in which it is shown that in those 
Insectivora in which th*' protoami stiff //<<■ w?e-s7 prmiu urnf cu*p of thi 
superior molars, this cusp aiso appears first in t »ibri/oi/< m/, the paracone and 
metacone following. Woodward points out that this is not the case in 
other Insectivora, for they agree with the Primates, Ungulates and other 
types which have been carefully investigated, in the late appearance of 
the protocone. Woodward infers from these conflicting tacts that there 
were two modes of cusp evolution within the order Insectivora, one in 
which the protocone appeared first, and another in which the protocone 
appeared third or last. Such a double genesis seems to the writer highly 
improbable.* 

It is, however, certainly important, as Woodward and many others 
have observed, to strengthen the paheontological evidence lor the trituber- 

*[St-c. however, the oppoBing views on page* 1*2.3-120. 227. 1 
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cular theory. The writer has recently made strenuous efforts to secure 
additional evidence, which have not thus far been successful. In the 
meantime too great emphasis cannot he laid upon the fact that all the 
e.i ktiiiij pahcontoloyical cridrnci - points in th> stunt direction, namely, to the 
presence of the chief cone upon the inner side of the upper molars, aud 
upon the outer side of the lower molars. An important oversight on the 
part of those who are still unconvinced of the tritubercular theory, is the 
necessity of a mechanical adaptation of the upper to the lower teeth 
in every stage of development, which is perfectly met by the tritubercular 
theory* Given the universally acknowledged triyonU? or triangular 
arrangement of cusps in the lower teeth, no mechanical relations can be 
imagined in an upper molar crown which originated with the external 
cusps, paracoue and metacone. 

If the main object of pahrontological research is to trace back various 
lines of descent as far as possible, the very unity of primitive type makes 
this apparently more difficult than before, but not really so. We were 
working before upon a false basis, or no basis at all ; we can now advance 
upon the certain basis of primitive form and the one requisite of progress 
is to employ much more exact methods of description and analysis. 

The Thrr, Primary Forms. 

So far as the molar teeth were concerned, there were, to our present 
knowledge, but three great primary forms, which succeeded each other as 
stages aud also persisted. From one or other of these all the known 
recent or fossil mammalian teeth have diverged, including probably 
the Multituberculates. These types are illustrated in the accompanying 
cut. First, the Imploiloni crown, which links the mammals with the 
reptiles ; second, the trieonwlont crown which was predominant in the 
Lower Jurassic period ; third, the frit nhrrenlnr crown which appeared iu 
the [Upper .Jurassic or] Lower Cretaceous 1 aud has been by far the 
most productive. The transitions between these great types are found 
among the Mesozoic mammalia and have already been worked out 
with considerable caret 

From each of these great primary stages it would at tirst appear that 
some of the mammalia directly derived their dental type, for both the 
" haplodont " and " triconodont " crowns are seen to-day among the 
Cetacea. Vet there is ground for uncertainty here, for as the progressive 

4 [See especially Cope, "On tlie Mechanical Causes of the Development of the Hani 
Part* of the Mammalia," Jour. Morph.. Vol. 111., Sept. 1SS9, pp. 220 -27 4. In opposition 
see pp. 01+, tiS*. S2*. Fikh. 208, 209, of this volume. Ki».] 

' It now appears advisahle that the .no-eallod Conio ( Atlantomuims) Beds of North 
America ami the I'urbeck Beds of Kn^land should he placed in the I wise of the 
Cretaceous instead of in the Upper .lura»sic as formerly. [See p 22*.) 

+ [See, however, p 222.] 



Digitized by Google 



SKCOXh OITLIXK OF TRITUBKKCI'LY 



79 



stages are " haplodont," " triconodont," " tritubercular," so the retrogressive 
stages reverse this order, passing from " tritubercular " back to " tricono- 
dont " then into " haplodont." Another view therefore is that such primary 
forms have been secondarily acquired. The apparently " triconodont " 
lower molar of Thylacynu* is, for example, an indirect retrogression from 
a tritubercular ancestral form. Again among the aquatic carnivora, in 
the series of molars of the Seals, the eared Seals and the Walruses, we see 
the backward stages from the "triconodont" to the "haplodont"; and it 
is therefore probable that the " tritubercular " was the form of molar 
possessed by the Pinnipedia when they diverged from the Fissipedia. 
There is considerable evidence that a similar retrogression has simplified 
the molar crowns of modern Edentates, for it is now certain that at least 
the Gravigrada were descended from tritubercular ancestors, the Gano- 
donta [Taniodonta]. Again, among the Cetacea, all their oldest allies, 
such as Zeutjloo'on, are triconodont, not haplodont. With both these 
groups, therefore, there are the possibilities of direct or of retrogressive 
origin of the " triconodont " molar. 

This uncertainty hardly extends to the " triconodont " stage, which is 
typically shown in the Lower Jurassic Avtphilcxtrs, PhascoloMurinm and 
the later Tnronoflon. It is a very significant fact that this type dies out 
in the Upper Jurassic. It is true we find many more recent "tri- 
conodont " teeth, the lower molar of Mcsony for example, which are 
positively known to be of tritubercular origin. Richard Owen compared 
the lower molars of Thylacinu* with those of Trieonotton, but we have 
found that what appeared to him to be similar cusps are not really 
homologous. Thus while it is possible that the ancestors of some of the 
modern haplodent and triconodont mammals never reached the tri- 
tubercular stage, it is by no means a settled fact. On the other hand, 
excepting the isolated group of Multiluberculates and the single genus 
JHcrocifninluK Marsh, tlo molnrs of < n rn known fo.-i.-ti/ mnnimol* from tie- 
rlasr of tlu Loin , ( 'n fnmids until thr elosr of tin Eon m: }» riod l»or tie 
tritnbt ■ renin r xtitnif). 

This would appear to support the generalization that all mammals 
passed through the third primary or tritubercular stage, yet it must 
be borne in mind that all our evidence is derived finui inhabitants 
of fresh water basins," 1 " and that the persistent haplodont and triconodont 
types may have been living contemporaneously in the seas. 

But the Multituberculales and Monotremes, were they tritubercular 
in origin ? The teeth of Ornif/nolinnclins are so degenerate and irregular 

•(This statement applies chiefly to the orders Insect ivora, (Amiivora, Primates, 
I'nguUvta, since the trituherculate derivation of the Morotrcmata, Multituherculutn. 
Kdentata, Rodcntin, Cetacea, remains to l>e proven. Kn. ] 

+ [Or at least from epicontinental as opposed to marine deposits. — Ki>. J 
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that many features of primitive form may be lost ; they may quite 
jis readily be interpreted as tritubercular as multitubercular, especially in 
the embryonic stage as described by Poulton. 

It is not difficult however to establish the principle that a true multi- 
tubercular tooth may spring from a tritubercular tooth. As pointed out 
elsewhere, my friend, Prof. J. A. Allen, directed my attention to the 
" multitubercnlale " rodents. A comparison of Mvs, Dipodomi/s and 
Pt rof/iHttJiHs beautifully illustrates the stages between " trituberculy " 
and " multituberculy " in living types. The three rows containing twelve 
tubercles in the latter genus are derived respectively from the " external," 
•intermediate" and *' internal" cusps of a sexitubercular bunodont type 
similar to the Hf/racoffuriinn molar on a small scale. The additional 
cusps are successively added to each row. Thus the upper molar of 
Piroffuathus is closely analogous to that of the Mesozoic Multituberculata, 
especially to such a type as Trityfm/oH. Passing also from the higher 
Multituberculata to the lower and more ancient, we find fewer and fewer 
cusps until we reach a " paueitubereular " parent form in the Upper 
Triassic Mierolcstr<. Microtek's itself was not tritubercular; it had 
a basin-shaped crown surrounded by irregular tubercles; this basin, 
however, was not dissimilar to that in molars of the Eocene rodent 
I'lisiiirctotiii/a which is obviously of tritubercular origin.* 

This evidence has been recently reinforced in a most striking manner 
by the discoveries of Professor Seeley in the Karoo Beds of South Africa, 
from which two principal conclusions may be derived : First, that Trityhxton, 
formerly placed with the mammalia, contains a large number of reptilian 
characters. Since the fossil is closely related on the other hand to 
the remaining Multituberculata, it appears possible that we have in the 
Ooviphrulontia the group from which the Multituberculates sprang. 
A study of the dentition of other Theriodonts in the Karoo Beds shows 
that while Tn'ti/fotfoit and Triracfio>fon are typically Multituberculates, 
others, such as Diaih-modon + have a trituberculate pattern, exactly such a 
pattern as we find in certain Lower Eocene mammals. Altogether there 
is certainly increasing support for the writer's hypothesis, that the 
multitubcrculato tooth is of tritubercular origin. 

Tin Eirrtif $(«(/(* of So itubnrvly. 

Tin Triifn,i, Pespeet for Cope's priority should not prevent our 
ultimately adopting the late Professor Putimeyer's term 1 riijonoitont for 

* [The derivation of some luultit ubennlate type* from trituberculate types does not 
prove that all multituherculate type« have been derived from trituberculate types, and 
reasons are presented on p. 10.V for thinking that the ancestral multittiberculate molar 
its represented in Mirrof(*t>* \\n& not derived from a typical tuberculo-sectorial lower 
molar. — Kt>.] 

t[Sce p. !r2.] 
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the third stage, retaining the term " tritubercular " as descriptive of 
the whole transformation, and as peculiarly appropriate to certain types 
of teeth, such as the superior molars of the lemurs. " Trigonodont " 
is most appropriate because the first step in molar morphology is to 
identify the "primitive triangle," and the term "tubercular" hardly 
applies to a lofty pointed cutting crown. Our studies among the Mesozoic 
mammals have left no doubt that the upper and lower triangles, or 
" trigou " and " trigonid," were derived from the reptilian protocone by 
the addition of lateral cusps. The mechanical perfection of this type 
consisted in the fact that the lateral cusps were developed upon or 
shifted to the outer side in the upper molars, and to the inner side 
in the lower molars, thus producing an interlocking " shear." The 
•' trigon " was essentially a cutting apparatus, so perfect that many 
mammals retained it without further evolution. Thus Ch> >i>ioi-hlorix, the 
little Insectivore of the Cape, presents a fine example of this type, 
persistent in its molars* (Fig 42*). 

The, Talon. But in a great majority of trituberculates the " talon " 
was added as a crushing apparatus. It iuvariably appeared first in the 
lower molars (where we may distinguish it as the " talonid ") and pressed 
into the basin of the superior " trigon." At first it was a mere spur 
(hypocone) as in AmphUhrr'atm or in the existing Culcvchloru (allied to 
Chn/mcJiloris), but between the Jurassic and Upper Cretaceous periods the 
talonid widened into a basin-like shelf supporting an outer cusp, the 
' hvpoeonid " ; an intermediate cusp, the " hypoconulid," and an inner 
cusp, the " entoconid." Thus we find in the majority of the Upper 
Cretaceous (Laramie) and Puereo or lowest Eocene mammals that the 
lower molars bear six cusps; the above-mentioned three on the talonid 
and three on the trigonid (protoconid, paraconid, metaconid). With these 
six cusps the equipment of the lower molar was complete, and it was 
ready for transformation into the molar of a primate, ungulate or 
carnivore, as the case might be. 

But why notice such a detail as the posterior intermediate cusp or 
hypoconulid ? Because, to give only two reasons, this cusp plays an 
important role in the ungulates; it is invariably present, t except perhaps 
in the Coryphodons, and forms the third lobe of the last lower molar, 
which is thus proved to be a primitive character ; again, it is found 
throughout all the Primates, and although seldom availed of, this cusp 
constitutes an important and distinctive character as between the different 
races of man. Its extreme antiquity is appreciated by few anthropologists, 
and at the present time it is degenerating. (See Fig. 40, Xos. It, 12.) 

*[It«hould he borne in mind, however, that some authors {>.</. Forsyth Major) hold 
that the heelless condition of the Chrywhluii* molars is secondary. See also pp. 124, 
±i"> below. — Ki>. ] 

t[That is, in the more generalized forms. Ki>.] 

F 
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While these changes were taking place, the upper molars remained 
comparatively stationary in the persistence of the simple trigon, up to the 
close of the Cretaceous period, the main change being a depression of the 
level of the trigon. All three cusps in some groups were depressed from 
the high secodont to the low bunodont level. In the majority of the 
carnivorous types we find that only the protocone was depressed and that 
the pair of outer cusps, paracone and metacone, persisted in their high 
primitive level ; the crown being thus prepared for the transformation 
into the true " sectorial." Hut in the omnivorous and herbivorous types, 
all three. cusps are depressed and the upper molars always increased their 
crushing area by the addition of a heel or " talon," exactly analogous to 
that previously developed upon the lower molars.* As is well known, this 
" hypocone " is an upgrowth from the ciugulum and its typical mode of 
development is well shown in the Primates (Figs. 128-132:. While this 
was going on the trigon was also supplementing its bunodont equipment 
by the addition of the little intermediate cusps "protoconule" and "meta- 
conule."t These always appeared where the talonid " abuts against the 
" trigon." Thus, finally, the upper molar, like the lower, was provided 
with six cusps and both were ready to diverge into auy ungulate form. 

All tliese foregoing stages persist and may be readily studied and 
verified among some of the living marsupials, insect ivores, lemurs and 
monkeys, and can be seen in any well-equipped osteological museum 
almost as well as among the fossil series. 

Th< Xunu nchdurt of tk< Muhir Cit.sfts <iud Cirsfs. 

The system proposed by the writer some years ago has now been 
adopted by many of the American, English and German writers who are 
studying the fossil series. It is based upon simple principles : 

1. The termination li -con> " is employed tor all the primary central 
cusps derived from the crown of the tooth, while the diminutive -eonv/r is 
employed for the smaller " intermediates " or cuspules. 

2. All peripheral cusps or elements developed mainly from the cingu- 
lum or external borders of the crown are distinguished as -*////<*• ("pillar" 
or "buttress"). The only exception is the "hypocone," which, while 
arising from the ciugulum, soon takes its place upon the crown. 

♦[The hypocone of the upper molars is analogous in j>osition to the hypoeonid of the 
lower molars, but in function it is more analogous* to the paraeonid which it replaces, since 
it tits into the «iku:c between the entoconid of one and the luetaeontd of the following lower 
molar. A closer functional analogy is with the protocone of the upper molars, since the 
protocone and hypocone of one upper molar fit into the taloniil (hypoconid) and trigonid 
of two successive* lower molars. Kl>. ] 

tfln many, if not all, eases the protoconule and metaconule were developed long before 
the hypocone. Compare the Jurassic and Cretaceous Triluberculates (pp. 1H>, iMH, £20). 
l*an(otamh<ln (Fig. 140), and certain insectivores ip. I '_*«).- Ku.J 
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3. The crests, transverse and longitudinal, are always composed of 
two or more cusps and styles, and are distinguished by the termination 

-b> pk. 

4. The prefixes " pmto-" " /«>■«-," " w* <•/'?-," ' htfpo-," " cnt.o-" etc., 
refer back to the primitive position or order of development in the tricou- 
odont and tritubercular stages. 

">. The suffix -id is employed arbitrarily to distinguish the elements of 
the lower molars from those of the upper. 

The use of the terms " trigon " and " talon " for the cutting and crush- 
ing region* of the crown, respectively, is especially advantageous among 
the upper Mesozoic and lower Cainozoic mammals, where it is uecessary 
to refer constantly to the relations of the upper and lower crowns in 
apposition, as in the evolution of the sectorial and lophodont types. As 
to the form of the cusps, we pass from simple pointed cusps to three well- 
known modes of modification to winch the adjective " bunoid," " lophoid," 
and " selenoid " may be applied. A combination of these terms gives us a 
permanent system of distinguishing the complex forms of ungulate molars 
from each other, by referring first to the form of the protocone ; second, to 
that of the outer paracone and metacone. Thus in Palnosifops, as the 
protocone is bunoid and the outer cusps are selenoid, the crown may be 
distinguished as " buno selenodont," In Palanthcrivm the protocone is 
"lophoid," and it may be described as " lopho-selenodont." li/iiiiocros is 
truly " lophodont," since all its six cusps are " lophoid." These are pre- 
ferable to the terms " tapirodont," " syniborodont," ' bathmodont," "loxolo- 
phodont," etc.. proposed by Cope, because the latter are associated with 
generic types. 

Tin E col v. lion of th> Ciu/nfafc Molar. 

The fact of derivation of all ungulate molars (excepting in the Amhlv- 
poda) from sexitubercular upper and lower crowns, leads us to look shurply 
for traces of these six tubercles [as modified] from the primitive plan of 
Eirprototjoiiia. These six cusps are almost invariably found in the upper 
molars of both perissodactyls and artiodactyls up to the middle of the 
Eocene period, as typified in fft/racof/u rinm and IJomacmlon or Dichobuit, . 
In the lower molar the trigon loses the " paraconid " and the talon loses 
the " hypoconulid," the latter persisting only in the last molar as the 
" third lobe." This loss was accompanied by the complete transformation 
of* the lower molars from the " secodont " to the comparative " bunodont " 
type, as effected in the lowering of the " trigonid " to the level of the 
" talonid." This is exemplified in the steps between the first and third 
molars of the creodont genus Mind* (Fig. 38, No. G). In a side view of 
all early ungulate molars, such as IL/rocoth, ritno, wo see that the " trigonid " 
is still the highest portion of the crown. In the ungulates, unlike the 
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carnivores, all three molars were allected simultaneously. An exactly 
similar levelling process can now be observed in a comparative series of 
recent Lemurs and Monkeys. To summarize the live steps toward the 
establishment of the ungulate primitive type : the addition of the lower 
talonid, the lowering of the cusps of the upper trigon, the addition of the 
upper talon and simultaneous lowering of the lower trigonid, the loss of 
the paraconid and hypoconulid. By these changes the cutting was trans- 
formed into the crushing type. The development of the talon necessitated 
the loss of the " paraconid," for they both occupy the same space when 
the jaws are closed ; the stages of this gain to the upper molar and loss 
to the lower are well shown in the species of Evprotoijonia. 

All these changes belonged to the constructive period and took place 
presumably before the great divergence of the ungulate orders began ; or 
it may have been partly due to parallelism or homoplasy, because we rind 
that the molars of Trit/onolrstr.s, the earliest known artiodactyl, are tritu- 
bercular* Some groups, such as those to which Cdvi/ji/hh/oh, Uiutathninm 
and Prripti/chvs belong, built up their whole molar structure upon the tri 
tubercular or trigonal basis. 

From this point onward dated the period of " modernization." An 
important legacy of the old triangular form was the obtiqvr arratu/cmnU of 
the ov.tr i' ami inner cusps parallel with the sides of the primitive triangles. 
Thus all the primitive crests developed upon these cusps were oblique and 
not directly transverse. The main features of modernization upon which 
we must now closely direct attention are : 

1. The addition of one or more peripheral cusps or "styles" as up- 
growths from the cingulum. These reached their most extreme develop- 
ment in the Kquidu*. (See Fig. 49.) 

2. The persistence or degeneration of the cingulum at certain points, 
for all primitive molars are completely invested by a broad unguium.* 

:■{. The modelling of the cusps into the " bunoid," " lophoid " or 
" selenoid " form. 

4. The metatrophic or unequal growth of the cusps, especially as 
affecting the external pair, protocone and metacone, in the upper molars. 

5. The shifting of the cusps from their primitive position upon the 
crowns. 

G. The shifting point of union of these transverse crests with the 
external crest. 

The differential features of the development of ungulate molars all 
group around these six heads. If we were examining an isolated molar 
tooth from the lower Eocene, the first step would be to locate its primary 
cusps and then note its divergence as tested by the above differentia. 
We. would then be in a position to make a conjecture as to the series in 

• [Set- pugt-s 171. 17-'. Kd. j i I M<.rt .., Kk | 
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which this molar belonged — as no two series are modified similarly in 
all these respects. Yet the prevailing method among many palaeon- 
tologists is to pass lightly over most of the differentia and, for example, 
group widely divergent forms under the Lophiodontida* as if in the con- 
stitution of these dense enamelled tissues nature could lightly pass from 
one to another. 

A few words now upon the secondary "styles."* Their function is 
evidently to increase and elaborate the crushing surface of the crown. In 
J'fu iiacoihm the first to appear is the " mesostyle " between the paracone 
and metacone, but this genus was on a side line of the Condylarthra. In 
all true perissodactyls and artiodactyls, the first peripheral cusp to appear 
is the antero-external buttress of the upper molars, which we call the 
" parastyle," since it adjoins the paracone. The 44 mesostyle " appears 
later, and only in those ungulates in which the paracone and metacone 
are moulded into crescents. Thus the lower Eocene H;i racoi 'ho i am does 
not exhibit this cusp, but it appears as a distinctive feature of the middle 
and upper Eocene J'achf/nolophus (Orohippus). The mesostyle was strongly 
developed in all the selenodont, buno-selenodont and lopho-selenodont 
types, such as the Artiodactyla and Aha i*co(./n riem, Chalicothcriinu, 
Palaosi/ops, the paheotheres and horses. Look at an upper molar of 
Mertfc/iippus and see what an important role these styles play (Fig. 162). 
First, we observe the " parastyle " and 44 mesostyle," next most important 
is the 44 hypostyle," which develops near the hypocone upon the posterior 
cingulum of Mr.whippiis and Anchithfrinm and finally completes the 
border of the * 4 anterior fossette " or cement lake. The horse molar, by 
the way, furnishes the best illustration of the value of tracing back the 
various portions of the crown to their birth-place in the primitive crown 
of Hi/rocnth, riitm. Every turn in this labyrinth of folds is thus made 
perfectly clear. 1 

A corresponding set of styles grows ap on the lower molars, and it is 
very easy to locate them with reference to the reciprocal upper set if we 
simply keep in mind the fact that throughout the whole course of develop- 
ment the elements of each trigonid are placed just in front of those of the 
corresponding trigon, that is, the protoconid and metaconid fit just in front 
of the paracone and protocone, as shown in the diagram (Figs. 37, '69c). 
Thus the inferior entostylid is developed near the eutoconid, while the 
superior hypostyle develops near the hypocone. The first of the inferior 

*[Tbe para- and metnstylea aa well as the proto- and metaeonulcs are very ancient 
elements of the molar crowns, since they appear in the I'pper Jurassic and I'ppei 
Cretaceous trituberculatea. The termination "style" as used in this hook is applied (1) 
to all cusps originally external to the para- and metacone*; (2) to the " protostylc," 
"hypostyle," "entostylid," etc--Ki».] 

1 Mr. Lydekker has courteously called attention to the fact that in the earlier study 
of this subject the writer misinterpreted the descriptive terms employed by Huxley. 
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styles to develop is the 44 metastyle," a reduplication of the metacone, the 
well known " a-a " of Fuitimeyer. 

In all ungulates in whieli the " mesostyle " is developed the external 
cusps remain of the same size. In the tapirs no " mesostyle " appears, 
yet these cusps are symmetrical ; but in the rhinoceroses, which also lack 
the mesostyle, the first fact to note is the asymmetrical growth of these 
cusps; the metacone is elongated while the paracone is reduced and 
crowded up against the purastyle. This point was observed by Cope in 
seeking for a definition of the Khinocerotida' in 1<S7.~». The rhinocerotine 
molar, whether of Nt/racJo/ns, Am}m<»hm or Ao ratht riinn, has t he further 
distinction that it is the only type in which a complete ectoloph is formed, 
and second, as Cope has already observed, the asymmetry of the external 
cusps is emphasized by the flattened metacone and conic paracone. 
Figure 1 7"> illustrates also the three projections from the ectoloph, 
protoloph and rnetuloph, namely, the "crista," "antecrochot" and "crochet." 
These, with the three " fosse ttes " formed by them, were noted and named 
by Cuvier, and, as shown by Falconer, Flower, Lydekker and others, are of 
great specific value. 1 We have already seen that Cuvier's term "fossette" 
may be substituted for the " cement lakes " in the horse's molar. The 
terms formerly adopted, or proposed, by Lydekker" after Knglish usage, 
and those in German and French usage, have already been given in the 
Table. 

There is another line of perissodactyls in which the metacone is 
flattened but not elongated, and no complete ectoloph is formed. 1 refer 
to the little Wasatch genus Hqdorftm (which Cope has erroneously placed 
in the ancestry of fft/raehi/irs), also Hiliihtrs of the Jiridger, an undoubted 
successor of which Marsh was wrongly led to consider an 

ancestor of the Tapirs. The molars, studied by our six differentia, are 
found to differ from those of the rhinocerotiue II uracil an* by the incom- 
plete ectoloph, also by the shifting inwards of the metacone and con- 
sequent shortening of the metaloph. In looking about for molars with 
similar differentia, we find those of the true L>j>hi»<h>n of Europe, 
L. is& li nst , for example, stand neat est. 

Xow, how shall we distinguish the early Tapirs ? First, there is no 
mesostyle : second, the paracone and metacone (as observed by Cope) are 
both conic and symmetrical ; third, a feature of great importance, appar- 
ently unnoticed hitherto, is that the protoloph and metaloph spring from 
the anterior bases of the paracone and metacone, and not from near the 
apices of these external cusps as in all molars of rhinocerotine affinity. 
We find, as a general law. that where the external cusps are symmetrical 

' As pointed out \>y Lydekker. the writer mist ikcidy transposed thes*e terms "crochet *' 
and " nutt-crochet inn former paper, Hull. Mh*. < ohij>. /foot., Is'.to, p. SI. 
■ " Siwulik Kliinoeerotida'," /V. Intlim. 
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as in Paheotheres, Horses and Tapirs, the transverse crests always arise in 
front : where they tend to asymmetry as in Helaletes, Lophiodon and 
Khinoceros, the crests tend to rise from or near the apices. 

Enough has been said to make clear the new method of procedure in 
the analysis and discrimination of early ungulate molars. Let us apply 
this form of statement and description to the aberrant lower Wasatch 
genus Mi niscothi rium as a resume : 

Cj>j>< r Molars, buno-selenodont ; paracone, metacone and protoconule 
selenoid : metaeonule reduced, lophoid, united with hypocone ; a large 
parastyle and mesostyle. Lower Molars, seleno-lophodont ; metaconid re- 
duplieated by inetastylid. We find that a similar analysis may be given 
of Chalirotherium, excepting only " protoconule reduced." It is thus 
suggested that Mr ni. troth* rium may be related to Chalv-othirinm* 

This method mav be summarized as follows: lx>ok for traces of 
j/rimttire ancestral structure in the form and position of the cusps. 
Second, determine the divergent form, position, proportions and relations 
of the cusps. Third, determine the secondary cusps, crests and foldings, 
their form and relations. Finally, let us turn to a wholly different molar 
type and examine the complex and aberrant molars of Coryji/ioJon. Can 
we establish any homologies between its elements and those of any of the 
ungulates we have been considering ( Fortunately we are partly guided by 
the molar of the Puerco genus Pantolamhla Cope, which is even older than 
the Coryphodons. This is our key to the ancestral or primitive form, and 
by its aid Cope has, we think, rightly interpreted the homologies of the 
Coryphodon molar elements. We first note that nature has here evolved 
a lophodont crown from the tritubercular or trigonal basis, for there is no 
distinct talon or hypocone except in the unique form Mantaxton. 
J'nnfol«mhi/a has no parastyle. + but a prominent mesostyle and a pair of 
selenoid external cusps, also a selenoid protocone with a spur leading 
toward a protoconule and suggesting an incipient protoloph. The selenoid 
external cusps of this type suggest a comparison with the lopho-selenodont 
perissodaetyls, and we are able to reach the following result. 

In a large series of Con/phnfon molars we see first that the protoloph 
is formed of the protocone, protoconule and parastyle, exactly as in the 
horses. Cnlike the horse (Anch itlo rium), the ectoloph is more or less 
detached from the protoloph. hut the examination of a large series of 
specimens in the American Museum and Cope s collection convince us that 
it is composed of the same elements as in Am-hitherimn, namely, the 
paracone, which has almost lost its crescentie form, the mesostyle, which 
is much less prominent, and the metacone, which is still crescentie. This 

• [See however p. 1S4, where CI,n/i> o'li< rinm is held to be more piolwibly an aberrant 
l'eriMoductvl. Kd] 

t- 1 This in obviously a /a/>*i/.« <;,/a/io, the parastyle Win>; especially prominent. Set- 
Fig. 140. -Kt>.] 
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Flo. 43. Epitome <>f tli. »tin;i- U-adiiiK' up t» the ty].ienl Kuthtriuii M < >kr>, neo .riling to the 
theory <>f trituUreuly, chiefly IlliifttMtlng the nomenclature. 
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enables us to describe this molar as follows : It is of buuo-selenodont 
origin and has a complete protoloph and ectoloph, hut no mdaloph. Its 
homologies with the elements of the Anchitherium molar are clearly shown 
by a comparison of Fig. 144 and Fig. 160. This illustrates again the 
necessity of starting upon the trigonal basis instead of upon the basis of 
two lobes, as iu the work of French palaeontologists. In his Enchainr- 
mcnts dn Momh Animal, Prof. Gaudry has admirably worked out the 
upper molars of the perissodactyla and artiodactyla from the sexitubercular 
stage onwards. He divides the tooth into two lobes, a " premier lobe," 
including our protocone, protoconule and paracone and a "second 

FlOL'KK 43. 

No. 1. " Haplodont ,y or simple conical molar*, the hypothetical start in?: point. 

2. Relations of haplodont upper and lower molars in the Dolphin. (The haplo- 

donty of Dolphins may he secondary, see p. 190.) 

3. 4 ' Protodont " lower molar of th-oinath<>ritnn (p. 1!)), showing main cone ami 

accessory cuspules. 

4. Protodont lower molar of Microronodon (p. 19), accessory cuspules better 

developed and incipient heel or talon id. 

•t. Progressive stages of 44 tricouodont" inferior molars. Three cusps in line with 
"cinguluin" out-growths from the base (<t) Amphiteste* (inner face), (b) 
P/wo/nt/nri'inn (inner face), («•) Triconmlon (inner face), (U) Ampkih'tte* 
(outer face) (p. 24). 

(5. Tricouodont inferior molars of a seal (Otfmorhinn*). (Secondary, p. 143.) 

7. "Tri tubercular" inferior molars of Mi>nae<nt»n ; (<t) external, (6) internal view. 
The small cusps are internal to the protoconid (p. 32). 

5. Tritubercular inferior and superior molars of CJtn/gnc/u'oris. In the upper jaw 

the apex of the triangle is internal, in the lower r.rternal (see also No. 10). 

9. "Tuberculo-sectoriar' inferior molar of Amplt itlwrinin showing pointed-cusped 
44 trigonid," and a low posterior, obtuse 44 talonid''' or heel, an out growth 
elderly from the ba.se of the crown. The heel is " tubercular," functioning 
as a pestle or crusher, the trigonid "sectorial/' with cutting ridges and 
piercing cusps (p. 27). 

10. («■»-) Typical tuberculo-sectorial inferior and superior molars. The talonid 

bears three cusps " hypoconid '' (hy 4 postero external), 44 entoconid " {en' 

f wtero- internal), 44 hvpoconulid " (hi* posterior). Somewhat incorrect (see 
ig. 39). 

1 1. Inferior molars of Mkwi* (a primitive Carnivore) showing in m p m :! depression 

of trigonid to level of talonid ; all cusps now 44 bunoid " or low and conical 
(p. 84). 

12. luferior molars of Awxptomorphm (primitive Primate) showing (in m,) 

degeneration of |>arai:onid, elongation of hvpoconulid (pp. ftO, l. r )S). 

13. A 44 quadritubemilar " superior molar (OUtof/ofe.*, an Eocene Insectivorc, or 

Kodent) showing three main cusps (pr, pa, me) with a fourth (" hyjK>cone, " 
postero internal) growing up from the cinguluin, changing the crown con- 
tour from a triangular to a quadrate outline ; rudimentary 44 para," 44 meso, ' 
and 44 metastyles" are present on the external edge of the crown (Fig. 104). 

14. Quad tit ubercular superior molar of an Eocene Primate Ar/api* (Y"ig. 132). 

I"». 44 Sexitubercular" superior molar of Xothorvtii* (an Eocene Primate) showing 
the four main eusp» (pr, pa, ine, hy) with the addition of two small inter- 
mediate cotiules 44 pi," 44 ml," also the well developed external parastyle. 
mesostyle, and metastyle (Fig. 77). 
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lobe " including our hypocone, metaconule and metacone. All subsequent 
authors in France follow this system, which indeed works well for one 
group. But what we need now is a system which will apply not only to 
all groups of ungulates, but to ungniculates as well, so that when we 
reach the upper Cretaceous borderland between unguiculates and ungulates 
we can employ the same set of terms and the same basis of description. 

1 can only conclude by expressing the conviction that the tritubercular 
theory of Cope rests upon such conclusive evidence* that its universal 
adoption as the key to the interpretation of all molar teeth cannot be long 
deferred. It is one of the chief anatomical generalizations of the present 
century. 

[ The Bililio^iupliy jriven in tin- foregoing aitirle is here omitted. Sec BiMio- 



jH'siphv nt end of volume. Kn.J 



* see j. P . -J*;, ■->•>:. 
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CHAPTER VI. 

CHRONOLOOKAL OR OEOLOOICAL SUCCESSION OF MOLAR TYPES. 

A REVIEW of the dental types as observed in the successive geological periods 
presents us with the ideas of successive Stages belonging to these periods, 
of the enormously long era of time required for the transformation of the 
teeth, and of the very significant fact that only two fundamentally distinct 
dental types have thus far been discovered -, first, the (I) tubercular, and 
its derivative, the multitubercular, the origin of which is still a matter of 
hypothesis, and second the great (n) huplodrmt, protnihmt. triconodont, 
tritvhrevhtr sequence, among the manifold offsprings of which we find 
again arising secondarily the haplodont, trieonodont, tubercular and 
multitubercular. 

1. Reptilian Axcestoics of Mammals in the Tkias. 

It is now generally believed that the Theriodontia, an order of reptiles 
found chiefly in South Africa, are, as the name indicates, not far from the 




TlQ. H. Lateral view of the Skull <.f fynotjnrtkmt crnt. ronotvi. allowing the five Htmple pre- 
molar* and triconodont (prutodonl) motars with amoved fan**. After Seclcy. 



actual ancestprs of the mammalia. It is true they exhibit a very large 
number of reptilian characters : but mingled with these are features of the 
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skeleton and characters of the teeth in which they closely resemble 
primitive mammals. There is moreover the negative evidence that they 
constitute the only known group from which the mammals could have 
descended. 

The teeth »»f Theriodonts exhibit four types as follows: The first 
or haplodont type consists of simple, recurved reptilian-like crowns, 
implanted with single fangs, as in the genus AUvromitnts, 

Second, of the jnatotfout type, with crowns implanted by partially 
divided or very slightly grooved fangs, consisting of a single main cone, 
with lateral denticles somewhat irregular in character. The best example 
of this type is Cynoffnathm (Fig. 44). 

The third, or ti>l>< rcnl«t> , type is entirely different, and probably 




Flu. 4't. Iktital and Cmtilnl structure* of the Thcriodont*. Diml> »nnln,i mn«f»r««, analogous, 
to a low -crowned trHubcrcuUtc. like Arrtotynn. I). UtVapVRM, trltuliercuUto structure more 
olwcure : note Uie general rcnemhlancc to the molar crown of certain M|Uirretn. It. fmu-iWrnni, 
■bowing the incipient dirtaion of the fang. Tito nkiill of Trttnlimton l> greatly reduced. All 
Uppsr teeth except FigB, 4. "•. After Seeley. 



belongs to omnivorous or herbivorous animals ;* it is typified by the genus 
Gomphoffnathu* (Fig. 45); the molar teeth are covered with irregular 
tubercles (DiademodoH moftfacw), in which the writer has observed some 
disposition towards a tritubercular arrangement, or triangle of three larger 

*[0r more prohahly to carrion feeders (Broom). Ki>. ] 
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cusps, or the crown is more or less basin-shaped, with an irregular, 
raised border (D. bmc/if/f inra) ; the latter teeth are analogous to those 
of Micro/, stex, of the Upper Triassic or Khaetic of (iennany (Fig. 48).* 
It will be observed that the opposite series of grinders converge towards 
each other anteriorly ; these teetli are therefore raulticuspidate but not 
strictly " multituberculate because in the true Mukiiubereulates the 
opposite tooth rows are parallel and the jaw motion palinal or from in 
front backward. These teeth, with irregularly disposed tubercles or 
basin-shaped crowns, are most closely analogous to those of certain 
squirrels. 

The fourth type is the mt'ititifberculati , seen in the genus Tri/i/hnfon t 
(Figs. 46, 48), in which the opposite series of teeth are parallel ; the 




Km;. Hi. 7V.'"W»<i Imi^fc.", anterior |*.rtion of tin' skull U|«.n the left Um, two third* natural 

x\m. After Owen. 

grinding teeth are covered with tubercles arranged in regular, parallel 
rows, with grooves between, adapted to a fore-and-aft motion of the 
jaw. 

Certain of these TheriodontsJ present the same dental formula as in the 
generalized dentition of the most primitive mammals. Their resemblances 
to the l'rotodonta and Multituberculata in tooth structure are so striking 
that since they belong practically to the same geological period the 
probability of actual affinity is to be considered. 

♦[But these arc upper not lower teeth; they are elongate transversely (as in tipper 
molars generally) not antero posteriorly as in the lower molars of Mi<roh*t< .«. The lower 
molars (Fig. 4">, Nog. 4, '*) were single-root e<l, round teeth, with a depressed crown bearing 
a low transverse median ridge ( Broom). -Ed.] 

1 [Broom has recently shown that Triiylwlon is more proluibly a mammal. — El>.] 

| [Certain Thecodonts (e.g. Trirnchodon) had more or less lophodont molars with a 
low, irregular median) cross crest. Traces of such a crest are seen also in Oniitlion/nrhniC) 
Kiirtcxioii, IhploriiinxloH, Dn/o/xtr*, Sciuru*, Ltpn*. Similarly in the lower molars a 
transverse crest connecting the protoconid and metaconid is seen in ftindnrtodon, Trim 
ch&loit, Paurtnloii, AmMot/trrinm, Coded*, etc. This cross crest may possibly have some 
bearing on the origin of the tritubereulai type —Ed ] 
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2. Thk Tkiassic Mammals. 

The supposed Triassie mammals again include the two grand divisions 
of tubereulate or grinding teeth, and of pointed or piercing teeth. They 
are distinguished as mammalian by the more or less complete division 
of the root into two fangs. 

Among the former is the genu* Microhstix of the Upper Triassie 
or Kinetic of Germany, known from a single molar (Fig. 4.S, No. I). 
The so-called Microhm* teeth in the Kinetic of England (Fig. 4S, 
Nos. '1, M) are rounded or basin-shaped, with irregular tuberenles on the 
sides; they undoubtedly belong to a different species or eveu genus, as 
they are broader and more basin-shaped, resembling in fact the hinder 
molars of Pluf/on>ltr>, 

The other division is believed Lo be represented by the Krotodonta, 
which we have already described in detail (pp. 18-21), with large single 
cones, more or less regularly developed lateral denticles, and partially 
divided fangs. Numerically, these molars have one fang and three cusps, 
namely, protocone, paracone, metaconc. 

3. Mammals of thk Jurassic 

We now meet with the multituberculates. considerably specialized 
into different types. 

The other mammals present two great types of teeth : first, the 
fricoiuxlviit with large main cones and lateral denticles both in the upper 
and lower molars, as exhibited in Amj>/n7<\(rs (Fig. o) and I'/misatfoffu riant 
(Fig. G) ; these animals are believed to be Marsupials. The secoud 
type is the tritubn-ctihir, or more strictly, tuberculosectorial, that is, 
with tubercular or crushing heel and sectorial trigon, as exhibited in 
Ami>hith, rinm (Figs. l/>, 17). (See pp. 21-SO.) 

The Upper Jurassic* exhibits the surviving triconodont types, among 
which are such teeth as those of StHihvothnuum (Fig. 11), which appear 
to exhibit a transition between the triconodont and tritubercular. In the 
same geological period the tritubercular types are diversified into two 
distinct kinds, both of which have their parallels among later lusec- 
tivora. + Numerically, these upper molars have three fangs and three 
main cusps, namely, protocone, paracone, metacone, also a parastyle, 
metaconule ; the lower molars have two fangs and from three to 
four cusps, namely, protoconid, paraconid, metacouid and hypoconid. 

*[A.« Htatc) on p. £», the I'lu h. i k iixt Atlaiitosaurus Heil* ure hy sonic regarded as of 
Lower ( 'rrtat-eoins age.— Ki>. I 

+ [/.'. one type. rcpreHcnteii by Prrntnu*, Ain/'liitlnrhtM. ivacmhles the teeth of Mirrop- 
hrntxtit* {Vifs. TH: second typo represented by Sti/Wmi parallels t he high piercing type 
of Chrywhtori*. -F.l>. ] 
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Mr. Gidley's observations upon American Jurassic mammals are given 
on pages 219-223. 

4. UlTKK CKF/lACEOrs Mammai.s. 
(See also pp. 105. 115, llfi.) 

A very long geological interval, representing an enormous period 
of time, separates these mammai.s from those of the Upper Jurassic. With 
few exceptions our entire knowledge of the upper Cretaceous mammals is 
derived from collections made in the Liramie formation of the Rocky 
Mountain region. These collections again embrace the two great dental 
types of multituberculates (Fig. 55) and trituberculates. All the multi- 
tuberculate types of teetli and jaws are too far specialized to give origin 
to any of the modern divisions of mammalia, either placental or marsupial. 

The tritiihaathiUx (Fig. 47; see also pp. 115, 116) are represented 
in the American Museum collection by a series of isolated upper and 
lower molars, also by a number of fragmentary jaws ; and among the latter 
are some in which the angle is apparently inflected, indicating Marsupial 
relationship. It is possible that, besides Marsupials, we find here Insec- 
tivores, primitive Carnivores, and the ancestors of ancient types of 
Ungulates ; but it is obvious that the determination of relationships 
from such isolated material is a very difficult and hazardous matter. 

Nevertheless, the teeth of tritubereulate type are of extraordinary 
interest, since they lend strong support to the theory of the unity of origin 
of the molar types of the higher mammals from a tritubercular stem, instead 
of from a multitubercular, as has been suggested. 

The upper molars so far as known, are of the simple, generally low- 
crowned tritubercular type as distinguished from the high sharp cusped 
crowns of the Jurassic molars. The main triangle of cones : or trigon, 
is of symmetrical form. In the majority of specimens, the largest 
cone is the main internal one, or protocone (Fig. 47, A, D), while the 
external cones, paracone and metacone, are symmetrical, invariably of 
smaller diameter, and as a rule less elevated. These proportions sustain 
the 'palaeontological' theory that the reptilian cone is internal* rather than 
the embryologieal and premolar analogy theories, that the reptilian cone 
is autero-external in the true molars as in the premolars. The outer wall 
of the crown is reinforced by a cingulum, on which secondary spurs or 
cuspules are developed, sometimes of very large size, more or less homo- 
logous with the 'styles' of the tertiary types of molars (o/. Fig. G8). 

Another feature recently discovered among Jurassic mammal teeth is 
the presence of intermediate tubercles or conules on the trigon. A very 

* [This may be a nou stf/uitur, because the great elevation and size of t he pnruconi»l in 
HI, Al. Fig. 47, need not be interpreted as indicating it? relative antiquity.— Ki». ] 
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primitive feature is the entire absence of an internal cingulum and con- 
sequent absence of any cusp corresponding with the hypocone ; in fact, 
all these teeth are still strictly triangular in form, Although the outer wall 
may be somewhat irregular. A prominent cutting metastyle, analogous 
to that seen in primitive Creodonts, is developed. 

In the lower molars we observe an elevated anterior triangle or 
trigonid. As a rule the protoconid or reptilian cone is the most 
prominent cusp, but in certain specimens (Fig. 47 ///) this cusp is some- 
what depressed. A progressive character is the reduction of the antero- 
internal cusp, or paraconid. But the most strikingly progressive feature, 
as compared witli Jurassic molars, is the broadening out of the heel of the 
crown or talonid to support three cusps, the hypoconid, hypoconulid, and 
entoconid respectively.* 

Thus there are three main features, as compared with the Jurassic 
molars: (1) general depression of the crown of the upper molars, 
accompanied by a strong development of the external cingular ch.sjis 
and of coneles, but not by an internal cingular development; therefore 
there is (2) an entire absence of the postero-internal cusp or hypocone ; (3) 
there is a striking development of the heel or talonid of the lower molars 
with two or three cusps, and more or less depression of the trigonid In 
general, these progressive features relate these teeth very much more 
closely to those of the Basal Eocene than to those of the Upper Jurassic. 

Numerically, the most progressive of these upper molars have from 
two to three fangs ; from three to five cusps, namely protocone. paracone, 
metacone, protoconule ami metaconule ; and two to three eingules, 
parastyle. mesostyle, and metastyle ; the lower molars have two or more 
fangs and from five to six cusps, protoeonid, paraconid, metaconid. 
hypoconid, hypoconulid and entoconid. 

* [This broadening of tin- talonid probably correlated with the depression ami 
transverse in ".ell mi..' "t tin- |>iotoeone. -Ed*J 



In Flga. A, 8, 0, tin. 1 long Mctnrial spur fniw the outer wall l* man prohuMy the mctjstyio 
tliau the |mt\i>tyli\ CMMoaaetitljr this is pr««l«14y the posterior side of the tooth ; although If tdu 

tuutll happeln.d t" tic the ohrtlgwtn spur Would Im anterior, >.-. |Mrustyle. 

A. — Crown and itdfl views of three superior molars, proKihly of the right tide. Ty|ic* of 
P/HtolimMn fcwM" f* Oaburn. 

b.— -Crown views of four superior molars ol the h ft and right ■Idea. GettUI frii^myt Mar«h. 
C. — A superior molar, ami an inferior molar of the il^ltt side. Type of .s>iioi,iu<f«.i ../,r u , ( „, 
< Mmnk 

O.— Crown and Ulterior views of two superior molars of the left side. 1 tonus not determined. 

B. — Crown view- of a rit;ht Mijierior molar. lh<t> J/»/oi/ki rnriis Marsh, after M il •«h. 

f.— Crown views of two superior molars, pn.tiaMy of the left side. Ty|* of f.v wv i,„ 
ji, i, , K».ii O.sliorn. 

O.— Crown iiikI siilc views of a sujierior premolar or molar (cf. Dfptlftbt, '»vi.«« 
not (Irterniineil. 

El.— Au Inferior molar of the left side, t JMAfjltorfofl* Crown and tosidi •. k»». 
At. — Two inferior molars of the left side. Oeiius undetermined. Cruwii mei u* •■» . .• «» 
///.—Crown and inside views of a lower molar of the left sddc. Oeliiis not •!<.'• >>■ t. •>. 
II. — Crown and inside views of a lower molar of the left side. fivllU* WlH •-• • ; 
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5. Basal Eocene -Mammals 

In the basal Eocene, Puerco, Torrejon, and Fort Union formations of 
North America, we again find the mammals divided into multituberculates 
and trituberculates. 

Among the latter the law of trituberculy was first perceived by Cope ; 
they include animals possibly related to the Primates and liodentia, also 
ancestral Edentata (?), Creodonta ancestral to the Carnivora, Condylarthra 
collateral ancestors of the Perissodactvla and Artiodactyla, and Amblv- 
poda, a very primitive order of Ungulates totally distinguished from all 
others by the fact that the teeth evolve throughout on the triangular or 
tritubercular basis. 

The American Museum collection as revised by Dr. \V. I). Matthew, 
omitting the Multituberculates, contains 1200 identified specimens, 
referred to 62 species, "A'A genera, 6 orders. All the nj>per molars of these 
animal* without ej-erption an either : {\) purely frit uhercular or teiaiujnlar, 
or (2) transitional to the quad rit idureular and quad rate farm hi/ the addition 
of a hi/pacone. This more extended knowledge of the basal Eocene not 
only reinforces the evidence originally advanced by Cope, but affords an 
almost overwhelming body of proof as to the fundamentally trigonal 
tritubercular character of the upper molars of these orders. 

The molar teeth exhibit a marked progression upon those of the Upper 
Cretaceous, in three very important characters: (1) there is an internal 
cingulum in a very large percentage of the upper molar teeth, (2) a 
hypocone or postero-internal cusp is developing from this cingulum in a 
somewhat smaller percentage of upper molars : (3) the paraconid or 
antero-internal cusp of the lower molars is disappearing in some of the 
lower molars. 

Numerically, the most progressive upper molars present three fangs, 
six cusps: namely, protocone, paracone, metacone, hypocone, protoconule, 
metaconule, and two styles, jiarastyle, mesostyle, and metastyle. The 
lower molars present also six cusps, protoconid, paraconid, metaconid, 
hypoconid, hypoconulid ami cntoeonid, the latter three arising from the 
talon id or heel. 

G. Low ei j Eocene Mammal*. 

In the lower Eocene, Suessonien of Europe, Wasatch of North America, 
the majority of modern groups of mammals are represented, including the 
following orders : Primates, liodentia, Insectivora, Creodonta, Carnivora, 
Tillodontia, Edentata, Condylarthra, Amblypoda, Perissodactvla, Artio- 
dactyla. 

All of these animals are either tritubercular or in stages evolving from 
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trituberculy into higher forms of molar teeth as described in other 
chapters (see pp. 37, 45, 132, 151, 158, 170, 171, 175, 178). 



Resume of Geological Succession of Types. 

It does not appear necessary to present any further proofs of the fact 
that apart from the Multituberculates the geological succession of types of 
molar teeth presents so few exceptions to the main law of trituberculy and 
the principle of cusp addition that these exceptions may be designated as 
aberrant. The advance of the teeth from type to typo corresponds with 
the advance of geological time as follows: 



Upper Molar Type. 



Maximum Total of Cusps 

in ONK PAIR OK 

Upper and Lower Moi.arb. 



Trias8ic, 



Haplodont, Protodont, Tri- 
conodont, with single or 
grooved fangs, 
Triconodont, Tritubercular, 

with 2 or 3 fangs, 
Tritubercular, - 
Tri t u bercul a r , l t > u ad ri t u ber- 
cular, and higher stages, - 
Upper Eocene, Tritubercular and all the 

derived types, 



Jurassic, 

Cretaceous, 
Basal Eocene, 



6 

8 cusps, 1-2 styles. 

1 1 cusps, 2 styles. 

12 cusps, 3-4 styles. 
12 cusps, 6 styles. 
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CHAPTER VII. 



THE ORIGINAL OR PRIMITIVE STRICTURE OF THE MOLAR TEETH 
IN THE DIFFERENT ORDERS OF MAMMALS. 



The Table of Classification on panes 11-16 naturally introduces the brief 
review of the various orders of mammals with reference to the structure 
of their grinding teeth which forms the subject of this chapter. 

The reptilian superorder Therapsida, including the order Cynodontia, 
is the only one of the numerous orders of reptiles in which striking 
resemblances to the mammals are observed in the skeleton as well as 
in the teeth (see p. 91). These animals appear to stand nearest the 
reptilian stock from which the mammals sprang, and to most nearly 
fulfil the hypothetical groups, I/y/ioth> rio, I'romavrmolia, Savromammalia 
proposed respectively by Huxley, Ilaeckel, and Ha nr. 

The two grand divisions of the Mammalia proper, the (1) ProtOtheria 
or egg-laying mammals, and 2) Eutheria or viviparous mammals, 
include fourteen extinct and eighteen living orders, or thirty-two orders 
altogether. It will be shown that in thirty of these orders tritubercular 
evolution can either be directly demonstrated or is rendered in a high 
degree probable by analogy. In thro: order* only the Monotremata, 
Allotheria (Multituberculala), and Cetaeea, does there remain considerable 
doubt as to the mode of denial evolution. 

In the two great divisions of the Eutheria, namely, the Didelphia 
(Marsupialia) and Monodelphia Tlacentalia tritubercular evolution, 
although proceeding independently, lias arrived at closely similar adaptive 
types, thus atfording remarkable instances of parallel evolution. 

The I'lacentalia are conveniently divided into four great groups, 
which it is true have a descriptive rather than strictly taxonomic value, 
namely : 

1. The Unguiculata, including all the clawed animals of primarily 
insectivorous (Insectivora, Cheiroptera), or carnivorous habits (Carnivora), 
and secondarily of prevailing herbivorous habits (h'odentia, Edentata). 



Major Classification of the Mammalia. 
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Iii a general way these animals are conservative and exhibit some of 
the earlier stages of tritubereuly as well as the extreme specializations 
for exclusively carnivorous and herbivorous diet, 

2. The second group includes the Primates, which are primarily 
frugivorous and omnivorous. In a general way also, these monkeys 
and lemurs are transitional between au earlier insectivorous and a 
frugivorous and herbivorous diet; thus the study of their teeth forms an 
admirable introduction to the study of the teeth of the Ungulata. 

3. The third great group includes all the hoofed animals or 
Ungulata, of which the food is primarily herbivorous and secondarily 
omnivorous in certain cases. In a general way again, the Ungulata 
exhibit the extremes of complication of the crowns by cusp addition 
and cusp modelling. 

4. The fourth great group includes the Cetacea, in which the teeth 
are specialized for various kinds of sea food, or entirely wanting. 
They exhibit what is probably a retrogressive dentition from an earlier 
tvpe, such as that presented by certain of the Unguiculata. 

PROTODONTA. 

The molar teeth of the Protodouia have been described on page 18 as 
transitional from the haplodont to the triconodont condition. Similar 
changes are observed among the Theriodontia, as described on page 
91 ; and analogous changes, that is, the addition of lateral cusps to a 
central cusp, have occurred frequently among the Vertebrata. 

It is possible that the Protodonta are not mammals ; but the in- 
cipient division of the fang and the apparent absence of angular and 
articular bones of the jaw render it probable that they are at least very 
early types of mammals, probably of egg-laving habits, like the Mono- 
genics. A jaw somewhat resembling those of JJrumatherium and 
Microcotuxhm has recently been described by Broom* in South Africa 
from the I'pper Beaufort Series (Karoo system), which are considered of 
Upper Permian or Triage :ige. 

Sl'K< 7.1 A ItEFEKEXCES. 

Oslx.rn, II. V., -'On tin- Structure and ( 'lassili.-ation of the Mesozoie Mammalia,'' 
.fount. A-'wf. \<>t. mia (-2) IX., l*ss, ,,. -_'l>l', „„U:,, pp. HI 35. 

Osboni, H. F. f "The Tria<sic Mammals />*•<.<„•((/« mn,< ami \fkr<>«>n>><l»n ; /W. 
Anwr. I'hilos. >'.»•.. Apr. l^sT. <>„t.<t. pp. 

Allotiieiiia oi: Mn;rrn'iiKK<.'t lata. 

l»ecau>e the Multitubercnlata are among the oldest known mammals, 
tirst occurring in the Uhatie or Upper Triassi«-, it has been urged that the 

*>;.„/. }/.,.,. i>...... iv., v..i. \., n*tt, p. :ur.. 
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Km. Ift 1. MirruUti'* nati-ifif (Stuttgart Collection), a lower molar viewed from alxve : I", 
(•••stcrior face ; 16, external face, greatly enlarged. Mientt- «/> t (I'liutntvlnj r) moorri, from 
al«>vc. '.i. Plntiinnliis „<im>r, I tic lower molar* viewed from ,il«.ve; Sn, external face of «amc 
enlarged '-J diameter*. 4. i't.hj-lim Irowunriinnu'. lower molars viewed from nlmve J 4 «, ex- 
ternal face of same ; ' Internal hlbwelta ; ». external tul>erclci. Original. 




Km. 4'.'. .V'.o .«.-.» .o.<, Ijirainie or I"|>|a-r Cretaceous of North America. Probably an u|ij>cr 
molar viewed uj><iii the wearing' surface, enlarged t «» diameter*. 




Kl«i. M. a, Left lower jaw of ClfMrmluH turralm, Marsh, from the I'jijier Jurassic or llaxal 
Cretaceous of North America, inner view, three, time* natural si/e ; I; Higlit ii|»l«cr jaw of 
<". p*fta«, inner view x 4. r, The same seen from la-low. <i, hirst )>icinojar, '•, fourth premolar 
as tntci-nrctcd by ProfeaAOf Mareh. After Marsh. 

Figs. 4S •»». The itiokir tooth forme of the Multitubei culiitc family I'lagiaulacidie. 
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Multitubercular pattern is a primitive one. Forsyth Major's argument on 
this subject is discussed on pages 2 05-2 OS, and the conclusion is reached 
that there is quite as much evidence for considering the multituberculate 
molar as secondary or evolved from a still earlier tritubercular type. 
There are several grounds for considering that such an evolution may 
have taken place. 

1. The earliest multitubercular molars known, those of Microhstr* 1 
(Fig. 48, Xos. 1, 2) are comparatively simple, consisting of a central 
depression or basin indented on the edges by larger and smaller tubercles. 
Thus the earliest multituberculate molars known have comparatively few 
cusps, in other words, are jiaiiciftifvrcolar, whereas the latest multituber- 
culate molars known have a very large number of tubercles, or are 
mult itch rcvlar. 



1. Tritilvftlum, from the Rha-tic (Trht«itie) <>f 'Iinimny, un iip|*T molar; In, < lit. t > >, in siJc view, 
lutwrul »ue. Trit«l<„l,,,<, from the 1 liu-Mo of JSoiith Alne.i. an upi>er inol:ir, r.i-, wearing 

siirfiue ami outride view, imturul *ize. j. /'•-'■/;.<. <*it»i<„:. fiom the lUvil Kocenc nf North Atnerien ; 
the second upj>ei inolur, iiiituml »t*e. 4, B%,t <*<»,>, fiuin the l'|.per JunisMi- ol Ki.nl:"<d, the thinl 
Mid fourth u|i|*r mohim. entin tr. il «t>oiit f> diameters. '.. S)> . - wa-irtin, trout the I'pper .lunisaie 
..f EliKlmid, a lower molar enlarged nl*.ut .'J diameters. i». r/.i,;,s, from the lUml Kocene of 
North America, tlie iijiih.t molar- enlarged l \ diameter*. 

2. liasin-shaped crowns more or less similar to those of Microfexds 
vU'oi'ei are known to be secondary or of tritubercular origin in several 
distinct families of mammals. Thus certain Rodents (p. 205), Fruit-baL 
(p. 129), the Kinkajou (Cnrdrjih-s, p. 142), Murma:ohitix, (p. 112), exhibit 
more or less distinctly Utsin-shuped crowns of which the edges are 
■elevated, and yet retain more or less clearly the primitive tritubercular 
pattern. 

'A. The depression of the centre of the crown to form a basin out of 
what was primitively a projecting punt or cone finds its analogies in the 
invagination of the incisor teeth of the horse, and in the basin-shaped 

[' The evidence tending to connect AIirrofe*(» ■* with the Multitubereulutes is briefly that : 
(1) the .V. moorti molar closely resemble* that of I'/aijinninx minor {Yip. 4S, Nos. 3, 3r«); (2) 
Plfitjiun/dx mmor presents many resemblances to Cti wtrwton and l'(ifo<in«, typical Multi- 
tuberculates ; (3) an enlarged grooved premolar, probably representing a less specialized 
condition than that seen in the later Multituberculates has been recorded by Dawkius from 
the l!li;etic beds in which the MieroU •*(*■* i»oor>i molar was found ; (4) Dr. Amegbino 
brings evidence to connect the Multitubcrculates (including Mi-'rolestf*) with the Diproto- 
dont Marsupials, especially the South American forma described by him. — Ki>. ] 




Fig. 51. The molar tooth forms of typical MultituherculatcA. 
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third incisors of the Kat Kangaroo (lUttomjia). In Arctocyon (p. 133) 
the crown is depressed hut not at all basin-shaped. The molars which 
gave origin to the Rhatic Miaohstts basin-shaped type may, therefore, 
have been either simply conic or haplodont, or even possibly tri tubercular. 




Fm. 52. llie outer surface of the right maxilla of B,>l<»fo'i, from the Middle Pufbeck lkds 

(I'l'l-er Jurassic, Emjluid). x J. 



PlO. 53. View> of the maxilla of AtMon (ufiorjM, Maixh. ttftn from below, from the Atliinto-auru.*, 

Ik-da {Vpgmr JumtriC, South America), x 4. 




Flu. 'it. flAineJr pUttim*, Cope. • ij. *'• viewed from ladow, |u«lute with dentition, three 
pn.inoiar* and l wo ui'uai* ..> «<!•• : '■. viewed from the outer side. From the Tonej"ii Formation, 
His.il Eocene, SUtfc II. New Mexico. Alt. r Copt, 



Fig*. .V2-.V4. Tin? molar t<»>tli tonus of I lie Mult ititberculnlc families 

Koloilonti<U«.-, Cliirogi.la-. 

It must be clearly stated, however, that the Mwvlestrs Hufit/ints molar 
bears no close reseuihlauce to any of these types ami there is no clear 
evidence in the Mict'itf**tr* molar itself of derivation from the tritubeiculai 
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4. Some additional evidence on this point is derived from the study of 
the dentition of the molar teeth of the Monotremes (p. 107). 

5. Still another possibility is that the molar form of Microlrstcs 
antiquus may be derived from that seen in Phmcolotlunum by the 
upgrowth of heavy cusps from the internal cingulum (compare Fig. 48, 
No. 1, and Fig. 6). 

6. Again, this molar might represent a pattern allied to that of the 
Amphitherium molar (Figs. 15, 17), that is the highest anterior (?) cusp 
above the anterior (?) root (Fig. 48, Nos. la, lb) may be a protoconid, 
the first cusp on the opposite side of the tooth a metaconid, and all that 
portion of the tooth above the second root may be the talonid. Or again, 
the Microlcatcs molar might have been derived from that of the Amblo- 
theriidie by the upgrowth of the cingulum cusps on the inner sides of 
the crown and the loss of the transverse connecting ridge.* 
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MONOTKEMATA. 

The true molars of Ontif/torhi/iie/in.s when first described (IVmlton, 1 
1888) were adduced by Cope as multitubeiculate and as tending to 
demonstrate the affinity of the Multituberculata to the Mouotremata. 
When critically examined, however, the molars of Oniithorhumhi's are 
found to be very degenerate both in structure and in pattern, and it 

* [Against all these Kpreul.itnuis one might advance another speculation, that Mirr»l> *t< <. 
TrilyhxloH and the MultituhercuUtc*, appearing in the Triassie, were not closely rel.it", I 
to trttuberculatc mammals i which are first known in tin: Upper Jurassic or Rasa I Cretaceous i 
hut were independent oll'shoots from the Thet -iodoutia. — En. ] 

1 Poulfon, E. B., "The True Teeth aid the Horny Plates of Oriii/lior/iutid,ni," ',hmr. 
Jour. Mirro.tr. Sri., Vol. XXIX.. An.'. Ihss. 
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Plftghmltctdw (flil'flvM) and Poly. 



Fm. l>mtition of North American l'|>|>cr Oituo 

nii»t<Kloiitiil:c (Mi 

1. PHMpk— Vitu and Mcnttd inferior molar* ; on lift ikU <.« «fw, on right »idc reversed. 
TbcM tcctli belong to two individual*. 
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cannot truly be said that they actually resemble those of any Mnltituber- 
culate in the strict sense, because all the higher Multituberculates exhibit 
an extremely regular mechanical disposition of the cusps, whereas in this 
living Monotreme the cusps are extremely irregular. Secondly, it does 




Vil(. '•>'. Molar teeth u( O. ,>ithm AgnuAM fM mtlor M4L U fore living idled and functionally re- 

placed hy the h'liny eiiith Hal phitoc, Ait. i OldfoM IIhuimw S«m i & Superior »nd tunrtoi 
teeth ana horny dental pftda. No. 5. Crown view of a ni<>|nr of " Mie>tM<itt$' moord. 

not appear that the QrHithoijiynrht/s molars can be cited as evidence either 
fur or against the tritubercular theory because of the evidently secondary 
and largely degenerative changes which they have undergone ; they 
bear evidence (Fig. "<(J) of descent from a more primitive regularly 

i. Itilwhu.— Kind an<l mcond Inferior molar*, worn coiiMdcraWy. ThoM tcet h belong to two 
individual s. 

3. 1'titmlni. — Kirwt nipcrior molar of the lift hide. 

■I. Plilinlm. Foiii th KUperior premolar, fir»t and >i ltd molar* placed together and reversed 

ill outline to nhow prubahlc rclatious. 'Hie three xhaded teeth on the left hide of drawing liekng 
to tli ice individual).. 

,. ... />f t /„/,.,._ Kxttrn.il ami superior views of two lower jaw*, allowing proportion* of the 
teeth. 

7. J/» »i »*«••*«*»•.- Kir»t and Mttttd inferior molai* of two individual* placed together and 
reversed to exhibit the itatural |M>Mtion. 

». U*nunt*tU4f rVMIo *><•».- htll and IICOPJ Mipcrtor molar* of two individual* placed to- 
gether and reverwd to MMW the natural poattioo. 

1». Mtnitrorttut. — Composition hide view of npj>cr and lower dentition a* far M known. Teeth 
ami Juwk eonihiiied from eight individual).. Iho Ml|<*r1er premolar* aie not yet known with 
certainty. 
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cuspidate condition. As described and figured by Thomas, 1 the posterior 
sajterior molars exhibit two high conical internal cusps, from which 
minute ridges run downward to the external borders of the crowns, the 
edges of which are peculiarly crenulate rather than cuspidate, in the 
ordinary sense of the word. In the posterior inferior molar there are two 
high cusps on the external side connected by transverse ridges, with a 
series of cren illations on the internal side. 

It is especially noteworthy (1) that unlike the Multituberculates the 
lower molars reverse the pattern of the upper molars (as in tritubercular 
teeth generally) and (*2) that the highest cusps are on the inner side of the 
upper molars and on the outer side of the lower molars. So far as these 
/'ads are of ralvr they would support the Itifpothesis that these are degenerate 
tritohi tridar teeth. 



Marsupialia. 

It was early perceived by Cope that the molars of Didelphys (Figs. 
57, 58 c) are of the tritubercular type, very similar, in fact, to those of 
the early Eocene Creodonts. We are indebted to Dr. 1>. Arthur Bensley- 
for a careful study of the molar teeth of Marsupials in general and an 
exposition of the very striking parallels which they present to the evolu- 
tion of the molar teeth in Placental*. In fact, on the supposition that 




Fio. ;,7. Skull ,m<i dentition of the ontnuon 0|»«<.uni (/»>'• Ipl.v/t iv>,-i.i,!h) ; it typical Poly- 
|.r..t.«l..nt M«r>u|.UI. with the dental f ••rimiLi J, v.,». \ , /»,.<«. .*/.<. 1 or M teeth lu nil. 
>. !. Aft it Matthew. 

the Marsupials separated at a very early period from the Placcntals and 
that subsequently the dental as well as the general evolution of the two 
groups was entirely separate and independent, the teeth exhibit some of 
the most convincing proofs of parallel or homoplastic evolution of which 
we know. 



'liioinris. ().. 'On the Ihntition of < hiii'horfnmchu-'," /V ( >.\ lion. S»r., Vol. XLVI.. 

issit, lv . lL'ti-i.-ji. ri •_>. 

" .lm>-r. XtOtimh'-t. Vol. XXXV , I'.nu, p. ; ulso Tr<tix. f.in». Sr><\, '{ nw/on, "iixl 

sot . -/..oi..- Vol. iv, pi. :;. i).r. Minn. 
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Primitive Tube rado-sir tor ial Types. 

Bensley shows that the Oligocene opossum (PeratJwrium) molar may 
be taken as the theoretical starting point from which development took 
place along two main lines, namely (1) the carnivorous and (2) the omni- 
vorous and herbivorous. 

If we arrange the teeth of the Australian Marsupials according to the 
analogy with the Placentals, we obtain such a result as is shown diagram- 
matically in Figure 58, Nos. 1, 2. The primitive tritubereular, tuberculo- 
sectorial type is here represented by the teeth of Dasyurus viin-rinus 
(58 (1), but would be still more strikingly illustrated by the teeth of one 
of the purely insectivorous forms of the Dasyuridai (Sminthopsis, Ante- 
chiiiomys, Phascaloyale). All these Marsupials exhibit molar teeth which 
may be readily compared in pattern cusp for cusp with those of 
Diildphys. 

Carnivorous Marsupials. 

From this archetype, so to speak, the first line is the carnivorous line 
to be compared among the Placentals with the specialized Creodonta 
{Oxyoma, etc.). Among Marsupials the carnivorous evolution is entirely 
confined to the single family Dasvuridse, and it culminates in the teeth 
of the Tasmanian wolf {Tltylacyitus cymxyphalns). The teeth of this 
animal are represented in Figure 58, y; they show all the essential 
characters of the teeth of Daxyvru.x except that in the lower teeth the 
metaeonid is absent (this cusp also disappears in the lower cutting 
teeth of the Felida- among Placentals). The progressive carnivorous 
adaptation is effected in the upper molars by a conversion of the 
paracone and metacone and metastyle into cutting blades and by a 
degeneration of the other styles, which become reduced to very incon- 
spicuous tubercles. In the lower molars the corresponding cutting blades 
are formed by the elevation and lateral compression of the paraconid, 
protoconid and hypoconid, while at the same time the cusps on the 
other side of the crown, the metaeonid, hypoconulid and entoconid are 
either reduced or disappear (metaeonid). 

Omnivorous and Jf<fl>irorous Marsupials. 

Turning to the second group, which leads to the omnivorous and 
herbivorous adaptations of the teeth, we find that the first stage is 
represented in the molars of the Bandicoots (Peratnelida/) Fig. 5S < , 59. 
Analogy with the evolution of these teeth is to be sought among the 
primitive insectivorous-omnivorous Placentals, c.y. among the modern 
Insectivora, in Tupaia and Myoyoh. 

The main trend is toward cusp addition ; thus the upper molars 
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L"|.|~L>t Molar* of the Left Hide. 

Kn.. >, N<>. 1. .VUptiv.: lUrlmtic.n of the Tritnbeniilur Molar Tyi>c in the Mnr-tupialin. 
From Iteiixlvy. (Cf. Ki#j. X... :».) 

«. <•, InM!etiv«>r>Ht!> ty|«f. »•, Olic-vcnc O^mum (/»..-.ifA. Wm.» /.'r/o-O ; ttccviit « >po«Mim 
(lH->-l,>t,»t <i-.-t.-i): c, l>,tUI,>h>f* n, ■:,,„„,„.>. «., j/, Progressive e^niivoroiK s]n* inlization. 
>/, /«■■<., k,-.>« r t y. , ; v , ;/,.//a« y.i,.. <•».>•*■< )>h»l.<*. t, Progressive hi>«cetivoroiiso|i.iiivorou<. 
type it'- ■••„<•'< t unlit) ; /, Omnivorous to herbivorous type (/'.»<>«,•., /..Vi. ,-,.?<; h. Incipient 
lxpliiHjont. hei liis'cii'oii* tj|ie (Thfi>i,»u,-,'/ r.>> >, IVrf. -etcl lophodont, heihivoioti* type 
( V ic.'i/'ii* </>.). Selenodont licililv.il>'!>" ty|«e (I'l.ti ><•<>! <t -riot cmtr^ ,r»). 

of Pemmrhs it<tsnt« l (Fig. 58. r) show all the essential characters of 
those of Dtisi/i'si't, and they show the addition of an incipient hypo- 
cone : in the third molar the hypocone is not very pronounced and 
the tooth is still triangular ; hut in the second molar the hypocone 
is well developed and the tooth is now quadrate. Thomas (1888, 
p. 220) describes the triangular and quadrate modifications as character- 
istic of this family (the Bandicoots). The lower molar? of Pevamd>s 

'The upper molars of I\rmnil< >s vutmira (Fij;s. 59, 601 closely resemble those of the 
Insectivore .l/yo«/«i.V, as shown in unworn teeth ; thus they exhibit the many sharp cusps 
ami the double mesostyle characteristii- of several insectivorous forms. 
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Lower Molar* of tlio Left Side. 

Fin. 5*. Xh. ?. Adaptive Kadiation of the TritubervuUr Molar Type in tlie Maraupialia 
(continued). From Ucu»lcy. (Cf. Pig. 58, No. I.) 

o, li, e, Insectivorous type, n, < >Ha«nt;ne OptKt»um (/VriifA»W«i« i'«w/); ft, Hecent < >i •••»•• m, 
(Diiltlphv* uzara); r, Oi'lflj'liux i-i.;Mi«in«. «i, (/, ;j, Pr»>»;rv*»ive carnivorous apceialinitiflUi 

M'jryHi-uj riivmniiJ ; r/, Thulttcf nt't cuntx-rphitl tit. r, PnOTC**ive in,«oetlvorou»-otiiiiiv<>r"iii 
type ( /'• tnmdti »<i#i'f<t); /, Umnivoroiw to herbivorous ty|w {i'tinumiiln roi<int) k, Incipient 
lophodolit, herbivorous ty|KJ ( Ti irhmm-UM rutprrnht\. i. Perfected lopliodont, herbivorous tyjie 
(Man oput f/>.). j, Selenodoiit liei blvorotn t y | >v (I'hntftJarrim <-i»f rem). 

nasuta (Fig. 58, Xo. 2, e) persistently resemble still more closely those 
of Dasyurus, the omnivorous modification being only developed in the 
posterior heel where the hypoconulid is reduced. 

J'crfcctal Omnivorous Marsupials. 

The perfected omnivorous modification among Marsupials is met 
with in the Phalangerida?. The two examples of the Phalangers 
examined by Bensley were Trichmurus rulpa-nla, in which the molars 
are highly specialized, and Pttauroirfes rolans, the teeth of the latter 
being represented in Fig. 58, /. Although these teeth illustrate the 
completed quadritubercular condition, they are only approximately transi- 
tional ; as among the Placentals, the hypocone is completely formed 
in the upper molars and the paraconid is correspondingly reduced 
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in the lower molars. The anterior shelf in the lower molars (a.s.) 
which is prominent in the Pernmelida? and Dasyuridre and very con- 
spicuous in the molars of the Macropodidie (Fig. 58, t.), is here absent. 
There are also no vestiges of the external styles in the upper teeth. 

Cresceutic and Crested Herbivorous Marsupials. 

The crescentic or selenoid modification of the cusps, which is so 
characteristic of the Artiodactyl Ungulates among Placentals, appears 
to be developed only in Phascotarctos (Fig. 58/.) among the Marsupials. 

The crested or lophoid modification of the cusps so common among 
the periasodactyl ungulate Placentals is widely represented in the 
Macropodidie (Fig. 58 «'.). The incipient stages leading up to this 
crested condition are seen in the teeth of the specialized Phalanger 
Trichosu run vuipeeula (Fig. 58 /*) and also in those of Hypsipryntnodon 
moschatvti among the Macropodkhe, or Kangaroos. A further parallel 
to the. perissodactyl Ungulate placentals is witnessed in the develop- 
ment of a hypselodont modification of the crested crowns among certain 
Macropodida\ 

The derivation of all the molar types in the Marsupials from a 
tritubercular pattern is rendered still further probable by the existence 
of annectaut forms which tend to unite the specialized, quadri-to 
sexitubercular Diprotodonts (Kangaroos, Phalangers, Wombats), with the 
generalized tritubercular Polyprotodonts (Dasvures and Opossums). 
Thus Cftnohdcs, the only living American Diprotodont lacks the 
characteristic Diprotodont reduction and syndactyly of the second and 
third digits of the hind foot and is further allied to the Polyprotodonts 
by its close external resemblance to the Dasyurid genus Fli'woioqale. 
On the other hand, the Polyprotodont Bandicoots (Peramelidie) exhibit 
the syndactyly of the Diprotodonts. Among fossil forms the gap 
between the two sub-orders is largely bridged over by the extraordinary 
genus Wynyordia of Baldwin Spencer,* which presents a perfect 
melange of characters seen elsewhere only in the Opossums and 
Daysurcs (Polyprotodonts), and in the Phalangers and Kangaroos 
(I)iprotodonts). 

A1>e r rout mid Sp> eiitl i\rd Typis. 

The apparently triconodont lower molars of Thyhtcyiuts are thus 
shown to be secondary. 

The multicuspidatc true molars of MyewetJdr'ti further support the 
view that an elongate or basin-shaped and polybunous crown may have 
arisen from a more tritubercular crown, because they still retain traces 

* [" A Inscription of Wvnvaiilia l»a-^i;uu». a Mar Mipial from the Tertiary Ikds of 

Table Cape. Tasmania," /W Xo,J. S.,-. /.,„„,., X.,v. "JO. limn, pp. 77ti-7'»">, l'l. XLIX.l 
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of the tritubercular crown. The secondary development of* n number of 
sharp piercing cuspules seems here as in the Insectivora (p. 117) to 
be correlated with insectivorous diet. Xotoryrt.s, the Marsupial Mole 
(Figs. 61, 62) has tritubercular upper 
and lower molars ; in the upper molars 
the high pointed protocoue is at the 
apex of a V, formed by two ridges 
diverging downward and outward to 
the basal external portion of the 
crown, ending in the para- and meta- 
cone respectively ; on the internal or 
lingual side, at the base of the crown, 
the V is surrounded by a deep U- 
like internal cingulum The lower 
molars reverse this pattern except 
that they hick the U-like cingulum.* 
According to Gidley the principal 
cusp (marked pr) is really the para- 
cone + metacone, the protocoue ap- 
pears as an internal ledge (marked 
ring), but there is no evidence for 
this except analogy with the supposed 
case in Insectivora (see pp. 124, '227). 

The molars of the Bandicoot (Pera- 
melcs, Figs. ."»9, 60) show a general 

parallelism with those of DUhlphy*, GaUopitkecut, certain Moles and 
Shrews, and certain Eocene Artiodactyls {('nnothirium, Ttipinihis) in 

/,/' tal* ™* tal* 




Molar* of Poatii'lf* mncrmn from 
a »|>«ciiiicii In t lie Yule Mu*ctira. A, Crown 

view left upper molar*. B, C rown view left lower 
molar*. ('. I'pl"'' ;»iul lower moUnt in opposition, 
obliquely from the outer »ido ami below. 




Km. tiO. Diagram showing *patial relation* of the pattern* of the upper anil lower molar* 

when in cot it net of /'...■„,./ ■«..<. a (Cf. Fi«. ('.'). Coni|wrv the somewhat Mmilar pittcrti of 

the molar* in the Mole, ami in Mynjnlr. 

several respects. First the mesostyle is doubled (wt* 1 , ms') permitting 
the formation of two complete triangles from the paracone, metacone, 
and styles of the upper molars. Second, the lower molar pattern consists 

* [As in other mammals without a lalonid in the lower molar*, the protocoue is much 
elevated. The internal ledge (rhiy. ) appear* to correspond with that in Chrii*orh/orii 
(Fig. OS). — Ed. ] 

ii 
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of two triangles, the hinder one being formed from the enlarged talonid, 
the apices of these triangles being external and fitting in the spaces 
between successive outer triangles of the upper molars* 




rr-.r 




Viu, f.\. Itontitlon of thu Mar»u|ual Mole, S»torfct<* tyyhlopi. x }. After E. C. .Stirling. 

Thus, in conclusion, the various Marsupials afford the most con- 
vincing evidence of tritubercular origin. It is only necessary to 

understand the intermediate stages and to 
compare even the most highly specialized 
teeth with analogous types among the Pla- 
eentals, to be convinced of the universal 
tritubercular derivation. Howes (Jirpt. Brit. 
Assoc. , Uelfast, 1002) declared he could not 
conceive the derivation of the Diprotodon 
molur from the tritubercular type, but com- 
parison of these teeth with those of Macropus 
and the stages leading to the Man-opus type, 
together with the still stronger but more 
indirect evidence afforded by the Placentals 1 
indicates that the Diprotwlon molar will ulti- 
mately be found to be of tritubercular origin. 




Viu. •'•2. Klrnt upjtcr tnnlut of 
Xolorprl'4 tt>)iltl-if>; ii|>|»ur figure, 
crown view ; lower figure, anterior 
vli'W. x ?. After E. C. Stirling. 



S FECI A L UEFEUESVES. 

Dentition of Marsupial* (figure* ami description!)). 
Owen, Richard, ()donto<jiaphy, 18-10-18-15. 
Tomes, ('. !S., A Slannat of Fmtal Anatomy, 1HUK. 

Hronn, H. G., Elaswn mid (h-ditinufm d<:< Thier-reirhx, Bd. I., pp. 1G9-177. 

Schlosscr, M., Die Af'jn . . . Mar*»p,ioli'>r . . . det Enroptiischen Tertian, etc., 
Wien, 1HS7-90. 

De Blainville. H. M. 1)., <)stro<jrapl,i>- d>,< Ma mini fir.:*, Tome III., Paris, 1 1 

Henslcv, H. A., "On tlie Evolution of the Australian Marsupialia ; with Remarks 
on the Relationship* of the Marsupials in general." Trait*. Linn. So,:, 2H Ser., 
Vol. IX., Pt. 3, Dec. 1903, pp. S3 -^17. 

*f As in other mammals* the protocone opposes the talonid of the preceding lower molar, 
the hypocone opposes the trigonid of the corresponding lower molar. —En. J 

'Compare the similar lophodotit molars of the Tapir with the lophodont to qnadrituhcr- 
cular molars of S;/«ttmo>lon (Fig. \"2). 
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Molar Teeth of Multituberculates, Marsupials (?), and Placentals 

in the Upper Cretaceous. 

Some years ago the interesting discovery was made of a great number 
and variety of teeth in fragmentary jaws of mammals in beds of Upper 
Cretaceous age in North America. The specimens are so fragmentary 
and isolated that it is difficult to classify them ; some probably represent 
Placentals, others probably represent Marsupials, whilst still others are 
possibly Prototheria (Multituberculata). 

As shown in Figs. 47 and 55, from Osborn, among these forms are two 
prevailing types of teeth, namely, the highly specialized mutttivbtrculatr. 
teeth, which had reached almost their Glial extreme of evolution, and the 
less specialized trititbirci'lafe teeth which are in a comparatively early 
stage of evolution. 

The Multituberculates (see p. 95 and Fig. 55) prove that regularly 
sua-i'.isitr cnxp (uhlition had taken place since the earlier Jurassic stage, as 
a result of which the first upper and lower molars exhibit as many as 23 and 
12 tubercles respectively in Ptilmh'*, or 21 cusps and 9 cusps respectively 
in Mt'iiizcoexsvx. This law of successive cusp addition from the posterior 
basal cingulum is entirely analogous to that which occurs in the complicated 
molars of the Proboscidea. It demonstrates that cusp origin in the Multi- 
tuberculata at least is not by concrescence but by cusp addition. 

Trituberculates. — In this group (see also pp. 95-97, Fig. 47;, all the 
upper molars known are of the simple, generally low-crowned, tritubercular 
type, that is, they consist of the trigon to which no trace of the hypocone 
or postero-internal tubercle has been added. About ten distinct kinds of 
upper molars have been found altogether. They are all much more recent 
in type than the few upper molars known of Jurassic mammals, which are 
invariably high-crowned or piercing ; on the other hand, they are some- 
what older in type than the prevailing molar teeth of the basal Eocene 
or Puerco, because they lack all traces of the hypocone, which is very 
common in Puerco teeth. These Cretaceous upjn-r molars exhibit, how- 
ever, two other characters found also in the Jurassic, namely, (1) small 
co ttuh:s or intermediate tubercles; (2) external sfi/les, or extensions of the 
cingulum on the outer wall ; in some cases these styles are very 
prominent, forming distinct cusps (Fig. 47). 

The primitive features of the upper molars all point toward a tri- 
tubercular ancestry. We observe first the large size of the internal 
cusp or protocone, which certainly supports the theory that this cusp 
was earlier in evolution than either of the outer cusps* Second, we 
observe the striking symmetry of the external cusps or paracone and 
metacone, giving a symmetrical form to the trigon or main triangle 

'[See criticism of the similar view expressed cm p. «.».— El> 1 
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of cusps,* which also lends strong support to the theory that the large 
protocone was the original cusp of a trigon and that the para- and 
metacones were added as lateral or external cusps of equal size. The 
" premolar analogy " or " paracone theory," on the other hand, receives no 
support whatever from the study of these superior molar teeth. 

In general it may be said that the upper molars are intermediate 
between the Jurassic and the basal Eocene stages of evolution. They 
thus lend overwhelming proof, if any more were needed, of (1) the 
progressive evolution of trituberculy among the mammals, (2) of the law 
of adaptation of the crown by cusp addition. These principles are equally 
well illustrated in the lower molars. 

The lourr molars (Fig. 47, Al, HI, etc.) are relatively more pro- 
gressive, because (1) not only is the broad heel or talonid well developed, 
but on this heel the three typical cusps, hypoconid, hypoconulid, and 
entoconid, are in some cases present. (2) Another progressive character 
is that the usually elevated trigonid has already been modified in one 
type (Fig. 47, II) by the degeneration of the antero-internal cusp or 
paraconid, although possibly the small size of the paraconid may be a 
primitive character. (3) These lower teeth are of two types ; first, the 
secodont or tuberculo-sectorial with elevated triangle or trigonid and a 
lower heel or talonid, as illustrated in Fig. 47, HI, Al, El ; second, 
a slightly more bunodont type, in which the trigonid has become 
secondarily depressed although still above the talonid. This secondary 
depression is carried much further in certain Primates and Ungulates 
of the basal Eocene. All the other lower molars present unusual 
features. The one marked HI has an extremely high paraconid, a feature 
noticeable, though in a lees degree, in the two marked Al. On the other 
hand in No. II. the paraconid is small and the metaconid is higher 
than the protocoled. t In the upper molars, No. 7 may be regarded 
either as a fourth premolar of the type seen in the Creodont, P.srinlojj- 
(ikmIoh minv.tns, or as a molar of the type seen in the Oligocene 
insectivore Ictojts thommmi (Fig. 60). A noticeable feature of all the 
upper molars is the indentation in the middle of the outer border of 
the crown, as in l\rn I (Fig. 12), Ki'rtoilvn (Fig. 13), /Jryolcste* 
(Fig. 14), and many modern trituberculate insectivores (Figs. (i.VSO). 

S/'E< 7. 1 L REFERENCES. 

0*l»orn, II. K.. " Fossil Mammals of the Upper Cretaceous Beds," Bull. Amer. 
Af»«. .Wit. 11 7.</., Vol. V., IMfl. pp. 31 1-330. 

*[A marked advance upon the condition scon in the Upper Jurassic J)ryr>te*te..i, 
where the jmraconc was large- ami medio external instead of at the anterior tip «>f the 
triangle. — j 

t[The metaconid is almost directly internal U> the protoconid and connected with it 
hy a transverse cutting crest, as in A mUothu inni and other Upper Jurassic genera.- Ei>. ] 



Digitized by Google 



ORDINAL TYPES OF MOLARS: INSECTIVORA 



117 



ISSECTIVOKA. 

The first statements to be made are: (1) while Insectivora show 
a persistent and prevailing tritubercnly or triangular arrangement of the 
upper and lower cusps, it is also true that (2) the mode or sequence 
of origin of these upper cusps, and the homologies of different cusps 
and of different portions of the upper molar crowns are uncertain. 
According to the evidence presented by Mivart (Proe. Zool. Soc., 1868) 
and Gidley (quoted below pp. 123-126) in the trigonal molars of 
Centetes, Chrysoehloris and other Zalamlxlodnnta, the main cusp is 
homologous with the paracolic or paracolic + lnctacone of other animals, 
the protocone being represented by the internal ledge marked h.y in 
our Figs. 68, 69, H, c. 

Among extinct and modern Insectivora, owing apparently to the 
persistence of very primitive feeding habits, we observe also the 
persistence of very primitive stages of tritubercular evolution in 
the molar teeth. The lower molars 'of certain Eocene and Oligocene 




Kir.. >i3. Skull an'l dentition of the Hud^i-li"* (Urinate.** <uroprnu), a typical dilauibdudout 

iiisfctlvt.rc. 

Insecti votes, sueh as Aptrnuntus and Micrnphmtulu.^, ure practically 
identical in pattern with those of the Jurassic Amphit/uritnn, Amhlo- 
tln i ium, and Dryolesfes, presenting an extraordinary instance of persistence 
of type. 

Insecti vores retaining these primitive tritubercular molars have 
lieeu distinguished by (Jill as Zalambdodonta (with a single external 
lambda or crescent), whereas the more specialized Insecti vores with 
quadrate or subquadratc molars, sueh as Erinan-ns, have been termed 
Dilambdodoiita (with two external lambdas or crescents). There is 
no doubt that the quadrate or dilambdodont condition is secondary 
because we have, first, analogy with other groups in which the 
quadrate is always found to succeed the tritubercular form; second, 
there is the direct evidence in t he unworn molars of Erumeeus, and 
•'specially of Cymuura, and some of their fossil predecessors, as shown 
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flFlu. tS5. Up|K-r titulars of a primitive recent 
nictnber of the Krinaccidnt (Qyumum sp), showing 
clear traces of the tritubcrcular jiattern. Note 
the upgrowth of the hy|K>cotie. From a specimen 
at Yale University, x f . 




Fio M. Upper of lei opt 

tkoiHto.ii from the Titanothcriutu 
Beds, Lower < Miocene. These teeth 
somewhat resemble those of the 
Mcanzoie genus Dri/nlmha (Figs. 1-4, 
207, No. 1'). x » . After Matthew. 




F«.. >>7. Upper mid lower teeth of Ut»p* acuti'hnt. from the Titanotherium licds, Lower 
Ollgoccno. A iueml.tr of the family Leptietidw, which family, according to Matthew, might 
"without serioiiN straining of relationships lie included an u primitive Mil>-famlly of ErtiiactidV, 
with which they agree well cuough in skeleton and in most skull characters." In accordance 
with their primitive condition they have tritulieiculur molars, with a rapidly developing 
hypoconu. The molars of the modern ,<cm are of the same general type (cf. Fig. «'.). 
*f. After Matthew. 
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Fifi. »Vs. Molnm of tritulicrcular Inscctivores : A." Chr,,tothlorit," m- right; H. Potamt^it'U, m 1 
right (after Minimi, Tntut. /wV. Hue., ]*«*>t5, |>i>. 1 rl $v t .); V, ntd<i sp. (All enlarged.) According to 
(•idlcy the outer cusps marked fit, >w , ml*, arc stylar cu»p», the cusp mat ki d />r is really the 
jwracone or ]mrac»nc + metacolie while the ledgedike internal projection marked Ay in .1 and 
indicated by the anterior busal upgrowth in C in the ao- culled protoconc, the |Ki»t«rior liasiil 
ujigrowtli being the hypocotie ; in H the cusp* marked t >l, ml are almost certainly the |mra- and 
ructaeone* rc»i«eetivcly. See Addendum, p. T'!>. 




Flo. 00. IWiblu but uncertain homologies (according to the tritul«ercular theory) of the true 
mohir cusp* in ZalamlwJodont (AK) and DilamUlodont (Fll) lnaectivora, and Cheiroptera (/). 
A. Oentttt»\ H. frtojH thomtmu (after Matthew). C. " IhryAorhlut-ii" ; IK S»ltni»lon (after Ifcihaon), 
Is*.'. K. FoUimthHitt (after Allm-ui). F. ; '»'. Onltopithecft ; //. I'nue-lofu (after Matthew). 

I. Suctinomui bra*itif>i*,*, a lint (after H. Allen, lM'.H). For another interpretation of the ciispa in 
A nee the text. In K e»pe. ially the homologies of the cusps are very uncertain. 

Ptnttrrijit,— December, l'.KXI. An apparent solution of thin puzzling problem is given on 
]«ge 125, 

The abbreviations in Figs. 68, 69 are incorrect and should be disregarded. The 
true interpretations are given in the text. 
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Fni. ■•'.'«. Chock tooth nf /iihiiiilMtiHlunt IiiMictivoroii mid ccrtiilii but*. From liidlev. 
{All riiiui-ft uty/tt So. V thru tintU mttural *<;•.) 

Xn. L FW« in '•;"< !• — Left ii|i]>cr juw (Xo. 124827, U.S.N. M.); hftliit.il. AfiicH. 

2. 8*k** fa * ' Left upper j«w <X» •.".'.mi. i'.m.n.m.) : habitat, Cuba, 

3. fv.»f. 'k— Left «i|'|k.t jaw (Xn. w.<\<>, I'.S.X.M.): Imhiut, Miuh»pi»car. 

4. iW«*»ftt# — Left uppmr j:\w(\... ISAM*, U.s.N.M.): habitat, MrHgwwir 

5. //...-. f.f.x- Left upper j.<w<x\>. (8319, I'.s.N.M.); habitat, Afrka, 

<t. Cl,i-iAofl<torii>— Loft upper j;iw(Xi». U.S.N.M. ); huhit.it, Afrio*. 

7. Vt*iKttUh Jw**** Laft upper j.i-.v (No. r.j7:;»>, U.s.X.M.); Iuihit.it, Waahhu/ton, l».C. 
s. sroiaphiiut i;<i,n-i.cU upper juw (Nu. ii.wix u.s.x.M.): imhitnt. Philippine* 

Htt.)tiu<-< iiintiu*— High! upi-cr jaw. (Outline drawing taken fr>«ni n plate prejMircri in lt>w« 

by Wilhelm IVtvnt fur n iiu>n<>KTuph nf the l>«it>. Thin UMjUQgmph MM never 

published. ) 
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PtO. 70. Ixiwer jaw and teeth of Aptrrnodu* me<ti<rvut. Krum the Ollgoccue of Montana. Pro- 
vtslouully assigned to the liiMJctivorn, but possibly allied t.. the Cheiroptera (Matthew). The 
Ulonld U represented hy the minute posterior basal spur. A, u\>]wr, A\ external and A* internal 
view*, x f . Alter Matthew. The molar* somewhat resemble those of certain Mcsoroic tritulicr- 
culates(e.g. Prmmiu, Fig. 18, Ptmtpalai; Fig. _'2). 




Km. ft f«". Wi 



Fni. 71. 1/ower jaw and teeth of Mirropt. . no./ »» terrain. From the Middle Oligoccuc of 
Montana. Prolmbly allied to the /.iilnmlMlodoiit Insectivores. s|. After Matthew. 

Flu. 72. Dpp« molars of one of the Cent.tidw (JWcnIim *f-a««) fiewed ohlioucly from the 
rcar, showing resemb lances to the teeth of the Up|«er Jurassic K euus Kurt<»lo,> (Fig. i»). CVuu|«re 
also Kig. -.tC, No. J. >. f . From a s|Hximen at Vale L'niversity (I'eabody Museum). 

Flo. 73. Inferior viow of skull and teeth of P,-o*calop* mioae.utM, a primitive Mole from the 
Upper Oligocene of Colorado, xj. After Matthew. 
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in Figs. 64-67, that the hypocone is secondarily developed. Moreover, 
even in the quadritubereular Hylomys, Xccrogymnnrns, and Galerix, 
the third upper molar is tritubereular. 1 

The remote ancestors of the Zalamlxlodonta or more primitive division, 
with trigonal or triangular molars, have already lieen descrilted under 
the " Insect ivora l'riuiitiva" (pp. 22-30). Under the modern repre- 
sentatives of this primitive type have usually lx-en included such forms 
as CenM.es, Soleni*?oH, and Chrytochlori* (Figs. 68, 69). More recently, 
on embryologieal grounds (pp. 209-21:5), this eomparison has l>een 
seriously questioned, and there are a number of authorities who lielieve 
that the homologies proposed between the cusps in the recent Insectivores 
and in the Jurassic Insectivores are unfounded. Our most recent 
discoveries, however, seem to lend fresh support to the older view ; 
these discoveries include a lower Oligoeene Insectivore fauna from 
Montana, fully described and figured by Matthew. 2 Among these 
animals we especially note Apternodua (Fig. 70), in which the 
lower teeth strikingly resemble those of Atnphithcrii'm : and Micro- 
pterncMh's, in which the lower molars resemble those of Solenodon. 
Again the teeth of letup* thomsoui (Fig. 66) remind us of the upper 
teeth of Phoscolestes (Dryolesles, Fig. 14). A higher stage of evolution 
is represented by the lower and upper teeth of hi ops aeutidens 

ltd 

A II v it 

Flo. 74. TubcrculoMxtorial and mimaafal lower molar* in a Viverrid and Innvtivoreii 
A. Euplrrt* fVUtlrti, a very primitive Viverrid, reoembling an lliaecjivore (crown view of m,} 
xj. tB. Omtttu travdatuM (crown view of , Uj ), representing the iiucefctral fonn of C. xf. 
V, V. Cania*eial modification of m t in an Inseetivore, H'n.iunteOt tn<uf<tt/<tm\n(uti*. V. Crown 
view. >. j. D, Inner aide view. x{. Note the lateral eomnresnion of the tootb, enlargement 
of >«f/, reduction of m<-i, tal<*. an in tlie earnaaMal of Carulvora (Fig. !M, n). All from hornyth 
Major, l'h,to*. rrani,, Vol. 1M <lfc»4), B. |>. 24. 

(Fig. 67). Moreover, the teeth of Ericulus sefosits (Fig. 72) suggest 
those of the Upper Jurassic (or Basal Cretaceous) genus Kurtodtm 
(Fig. 13). 

^- From another locality and from a more recent horizon in the 
American Oligoeene is the form iVoW^/.s mioanu>s s (Fig. 73), a 
primitive mole with rather simple trigonal molars, in which, however, 

'Matthew, W. 1)., Bull. Amtr. Mm. Xat. Hint., Vol. XIX., 1903, p. 228. 

2 "The Fauna of the Titanothet iurn Bed* at Pipestone Spring, Montana,'* Hull. Amtr 
Mu*. Xat. Hi»t., Vol. XIX., 1UU3. 

3 Matthew, W. D., Mnn. Anur. Mux. Xat. Hist., Vol. I., Pt VII., 1901. 
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the three external styles*, parastyle, inesostyle, and inetastyle, are 
strongly developed, as in the molars of Paidolamhtla (Fig. 140). 

A very interesting fact is that the molar dentition of the 
i'entetida.' has in one case followed the same line of carnassial 




ah r 



Fi<;. 7i. Tritubcroutar an-i cHnuu»»uil upper molars in a Ymrrid and two hiscetlvorv*. A. 
Et'pUrt* ijoutioti. Crown view, *<il. >. H. Oxt-tei ti'«"d<ttu*. Crown view, <nl. > J. 
C. lb mictnl't't iiiti'lamticai it »t>i. K j. Xote tliu lolitf sectorial modification of tho inctHittylc, 

correlated with the blade-like diameter of the lower molars, In A and li, >.r protmbly represent* 
tlic fused )<am • metacotio, the pi "to and hypocotic» K'lliK represented bv the small banal Lingular 
outgrowths in /f. All from Kor\vtb Major (»;.. cr. p. but rulettcred. (Cf. Kltfs. i*, i/.; (5;t.i.) 

specialization as in O.njitna (Fig. 92), and PatrioJViU among the 
Creodonta, the upper and lower sectorials Incoming highlv shear-like 
(Figs. 74, 75)* 

Discussion of the G idle if- Woodward Interpretation. 

The following interpretation of G id ley supports that of Woodward, 
which is presented on pp. 208-213 (see also pp. 226, 227): 

" Woodward 1 found that in ( 'entries and Ericulus the main internal 
cusp, usually termed the protocone, was first to develop, but he l>elieved 
this cusp to he the paracolic, the whole tooth representing only 
the antero-external triangle of such a form as Talpa, the protocone 
and metaconc not having been developed. This, as stated by Wood- 
ward, is a modification of Mivart's view published in 1868," in which 
he states his liclief that in Cadet**, CJirymc/ilorix* and like forms, the 
main portion of the crown represents the union of the two external 
prisms of ThIjmi and like forms. According to Mivart, the main 
internal cusp of Gentries, Erindus, Chrifsoe/iloris, etc. [Fig. 62 a, Nos. 3, 
4, 6], was derived by the fusion of the paracolic and metacone, 
while the protocone and hypocone arc wanting or rapidly diminishing 
in size and importance. According to both Woodward and Mivart, 

•[In Erinactiii also, j>* is a generalized sectorial with depressed antero internal cusp 
and oblique shear, and mi, similarly has an enlarged oblique protoconid-paracouid shear 
aud reduced heel. — Ki>.] 

1 Prtx: Zoo/. Soc. London, 1S9H, ">HS *>S9. 

'*Journ. Anatomy and Phyxiol., Vol. II., 139, 1868. 

J "The form figured by Mivart has since been removed to a distinct genus, Btmtiti*cu9 t 
Cope, Am. A'<if., XXVI., lHtf'2, 127. The typical ChrywMoris upper molar has no trace 
of a protocone." 
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therefore, in these forms, which have heen considered typical trituher- 
culates, the outer cusps are developments of the cingulum, while the 
main internal cusp has heen wrongly termed the protocone and is in 
reality the paraeone, according to Woodward, or combined paracone 
and metacone, according to Mivart, while the inner cusp (protocone) 
is greatly diminished in size or has entirely disappeared. These two 
authorities, therefore, are agreed on the two points of prinei|>al 
importance regarding Coddcs and Ericidvs, viz.: (1) the location of the 
paracone in the main internal cusp and (2) the ultimate loss of the 
protocone. I strongly concur in these views, for in a series of upper 
molars, including Potamwjab >', Solenodon, Cm Mrs, Pr Indus, Hrmundrtrs 
and Chrt/sorhlaris (see Figs. l-o\ PI. IV. [our Fig. (59 a]), the stages 
suggesting the gradual diminishing and final disappearance of the 
protocone are very complete, amounting almost to demonstration, and 
there can he little doubt that the molars of the Cm Mrs and Chrysflchloris 
type have been derived from forms similar to that of Potamof/aU; 
involving the loss of the protocone. In consequence of this the 
paracone, or combined paracone and metacone. comes to be the principal 
inner cusp. In Potamogak [Fig. 69 a. No. 1] the protocone is quite 
prominent and still typical in form, while in Solmodon [No. 2] it is 
much reduced and is beginning to divide transversely, or more pro- 
bably is beginning to separate from a likewise reducing hypocone. 
This is in favour of the view held by Mivart that the simple inner 
cusp in Potamotjalr and like forms is in reality the fused protocone 
and hypocone. The reduction is carried still further in Centelcs [No. .*>], 
in which two inner cingulum-like cusps appear, one on each side of 
the enlarged paracone. In Ch rjfsorldoris [No. 0] and I/nnicmMrs the 
inner cusp (protocone and hypocone) has entirely disappeared. 

" I legal ding Mivart's "fusion theory.' I am inclined to believe tint 
Woodward has not given due weight to the evidence cited by Mivart 
and that there is considerable support for this theory to be found in 
the modern bats and iusectivoies. Mivart considered the Potamoffak 
molar as an intermediate form between molars of the Trdpa tyjie, 
having two external triangular prisms, and those of Cm Mrs and 
Krindus [No. 4], having only one such prism. He pointed out that 
in I J t>f(!>i)<<fftt/c there is ' a very interesting approximation of the 
triangular prisms,' in which the paracolic and metacone, although 
still remaining distinct, are in very close juxtaposition. This view is 
strongly supported by a series of bat. molars to which Mr. ('. S. 
Miller has kindlv called mv attention. In ibis series, which includes 
}',si„ ftdin [Nn. 7], ftvto/iiidus [No. H] and //•< rjrl^n^/i,'/ o.s [No. 9], are 
suggested the successive steps from Tid^i to /V" ut<»/<d< in the insect ivore 
group. J'tsjii/flfio represents the normal or more generalized form. 
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in which the protocone is large, the ]>aracone and metacone are 
widely separated, and the external stylos are nearly equal in size. 
The niesostyle is much reduced in &otophilns and is drawn inward, 
the paracone and metacone are more closely oppressed and the protocone 
is somewhat shortened. In Haiyi<xrplui/us l the niesostyle has dis- 
appeared, the parastyle and metastyle have drawn closer together and 
comi>ose the entire outer portion of the crown, while the paracolic and 
metacone are closely approximated, forming the greater part of the 
inner portion of the crown, the protocone being very much reduced. 
Thus in Harpiorcjthalns a stage is reached nearly analogous to that of 
Potamogalr, the principal difference being that the metacone is the 
dominant cusp instead of the paracone, as in the latter genus. 

" From these comparisons it seems reasonably clear that such forms 
as Ccntdes, Erienlus and Chrysochlorix have attained a secondary or 
pseudo-tritul>ercular form by passing through some such stages of 
evolution as are suggested by the two series here selected. Other 
examples of a fusing paracone and metacone and reducing protocone 
may be found in the molars of some of the creodoiits and carnivorous 
marsupials and in the sectorials of many of the carnivores. 

" From the foregoing it now seems t<> lie demonstrated beyond question 
that the main inner cone of Crutch* and Eiiculim is not the protocone 
as ol>served in normal groups, but, if not entirely made up of the 
primary cusp (paracone;, it at least involves that element, and 
Woodward's contention that the evidence of embryology is in entire 
harmony for the molars and premolars is not controverted by these 
seeming exceptions as supposed by Oshorn." " 

Homohvpra. The reasons the cusps of the superior molar teeth 
of lnsectivora are dilltcult to homologize are: (I) that in certain types 
the strong development of the styles on the external cingulum tends 
to confusion with the paracone and metacone. as also in the case of 
certain Cretaceous mammals (».</. L>i<ir!j>/t<>jis, Figs. 47, F, E), of certain 
Amhlypoda iV.//. ('on/phot/on, Fig. 141), and in Marsupials (Figs. ">8, .~»9): 
{'2) the strong development of the paracolic in certain types tends 
to confusion with the protocone: (il) in order to secure a greater 
number of sharp piercing cusps the niesostyle divides* into two 

1 ''The skull of //or/mwi />ltu/ni from which this description was taken whs obtained by 
Mr. ii. S. Miller through the kindness of Oldrield Thomas, of the British Museum. 

Unfortunately it came too late to be photographed and figured uniformly with the 
series. Its place is taken on Plate III., I>y an outline drawing from a figure for Wilhelm 
Peters' Fh<h rmau*< tii * Hnlinti Mus lim* I'Hr S<ttiiiknn>l> (a projected monograph of 
the bats).'' 

•fGidlev, •). W.. "Evidence I taring on Tooth Cusp Development,'* /Vo<\ Wa«hin<iton 
Acad. Sri, Vol. VIII., 19110, pp. 93-95. J 

•"■(In certain Marsupial* and Insectivores the presence of two distinct mesostyles maybe 
a primitive character.— Ei>. j 
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distinct cusps in Myoyale (Fig. 69 F), and the intermediate collides 
(pi, ml) are very prominent in GaUopithrcu* (Fig. 09 <!). It is these 
confusing elements which have led to the proposal of such diverse 
homologies by ditl'erent authors. Mr. Gidley interprets the cusp 
homologies as follows: In Fig. 09 A-I the cusps marked ps, }ki, ms\ 
ins", me, mts are all peripheral or stylar cusps, none of them 
homologous with the paraeoue and metacone of other mammals. In 
A, (', D the cusps marked pr are really paracolic or paracolic + metacone, 
the protoconc lx?ing represented hy the internal ledge marked hi/. 
In E-I the ledge -protocone is fully established. In E the cusps 
marked pi, ml are really the paracolic and ml need metacone. On 
this interpretation A, (', It, instead of U>ing primitive, represent a 
secondary simplification by fusion of the paracolic and metacone. 
This interpretation also harmonizes with the probability of an inward 
displacement of the para- and metacones in F-J, as in many genera. 
(Cf. Figs. 67, 7.", 83, 85 ( m 3 , m-\ 90, 94, 110, etc.) Again, the molar 
pattern of letups uentidem tends to connect the tritubercular pattern of 
letups thomsoni, with the quadritubercular pattern of Frinaeeiis and 
higher types, but it does not justify the identification of the main 
internal cusp as homologous in modern Zalambdodont and Dilainbdodont 
Insectivores. 

The teeth of Tnsectivora. therefore, require thorough re-examin- 
ation on the basis of the tritul>ereular theory to test these disputed 
points. (Sec Addendum, page li2V) 

For those to whom the original materials are not accessible, the 
following references to works which contain numerous figures will be 
especially valuable : 

SPEC/. I L REFER ESC EH. 
Fnn.KEs ok Tkkth of Inskctivora. 

Htoiin, H. C, Ktass. n. Ord. d. Thiemicl,'*, M. I., pp. -202-211, 233 (fndeopithecus). 

Nobson, (i. E., Monograph of the Inseetivurn, Pt. I. 4 to. 1SS2. 

Owen, It., Odontography, 1 840- 4."». 

Tomes, ('. S., .1 Manual of Dental Anatomy, 18!>S. 

0«« Hlainville, 0*te<»fraphie d>* Ma mmi feres. (See esp. " Cladul Mites,' Tupctia.) 
Pun's, \KV.WA. 

Schloj=Mer, M., Die Allen. . . . Inwtiroeen . . . ties Enr<>piiischen Tertiiirs, etc. 
Wien, 1887-1)0. 

l-eche, VV., Zur Morphologic des Zahusi/stems der Insect iroren. A if it. An:., lid. 
XII., 18!»7, p. *>13. 

Ijeche. \V, Z»r Entwickclttngsges' hx hte des Zahnsastems der Sdugetiere. .Stuttgart, 

Matthew. W. 1)., '"Tlif Fauna of the Titanotherium Beds at Pipestone Spring 
Montana," Ihdl, Amer. Mi's. .Vat. //,.</., Vol. XIX., 1903, pp. 107-220; 'A Fossil 
Hedgehog from the American Oligoeemv' Hull. Ainer. Mus. .Wit. Hist., Vol. XIX., 
11*03, p. 228; "Fossil Mammals from the Tertiary of North-eastern Colorado," 
M'-m. Amer. Mus. Xat. /list.. Vol. I., Pt. VII., pp. 37*>-37l>. 
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Fkj. 76. lT|>|>ur and lower teeth of f'aliriminojMi rrlem.nt, an Inscctivore from the Wasatch 
Konuiition, Lower Kocene, Wyoming, the teeth allowing resemblances to the teeth of the most 
primitive Creodonts. x J. The upper in«l»rs have the internal cusp somewhat depressed, a 
feature emphasized in the Creodont* (Figs. M-iH>). 




Fni. 77. Lateral, inferior, and superior views of the skull of Huo/uoifin pttulvi, from the 
Wasatch Formation, Ijower F.ocene Wyoming, x \. This animal was lon^ thought to belong 
to the Eoeeue Primates, but l>r. Wort man (op. r,t. p.Hr.') has adduced some evidence for its 
removal to the faaocttvorft, and l»r. Matthew retard* it as a very Kcnerali/cl Rutherian. Tlie 
teeth are of t lie omDivorous~frugivoruua type, and in a general way conform to the ideal 
auco*trat put. in tin: molar-. ..f Piiiu.ites and L*ngulate«. 
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Fm. 7H Lower teeth (crown view) <.f //jrujuorftu I- n.i,i,uamit, from the Wawitch Formation, 
Lower Eocene Note the absence of the j«araconid, the presence of a wcll-devvloj-cd jH>»tcro- 
median eu»|), the hypoconulid on Mj, m* (Cf, Fig*. "7, 78.) X f. 



2 




Fi(i. N). Teeth of Diaetduia (ffyopm*l*§) latiaoui'B, a ^cnus now referred to tlvop*o>ivi. 
From thu Wawitch Formation, Lower Eocene, x \, 
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Cheiroptera. 

The following quotation may lie made from the writings of an 
author (Oldtield Thomas) who is in no way committed to the tri- 
tubercular theory; it Incomes esj>eeially clear by reference to the 
preceding section on the Insectivora : 

"The earliest Bats, or Paheochiroptera would have -been cuspi- 
date-toothed and insectivorous like their ancestors the terrestrial 
Insectivora. Among them there would presently have arisen a 
form like Harpyia, fruit-eating but still with cuspidate teeth and 




Flo. S|. Skull, erawa view of Upper UMth ami internal view of riifht tij>|.cr canine of Pttrnlop<s 
iitntta Thotuus, i Fruit-Bat, which, Imtend "f having cu*|> le** check teeth in i>thcr Mo^h- 
cheiroptent, ha* rctutno'i cmptdatc teeth more '»r le*» »u>fKct.tive of the tubcrciilo-acctoriftl tyj>c. 
xf. After Oidfield Thorn**. 

mi douhl markedh ' tuberculo-sectorial ' premolars and molars. 
Then, while the modern Rarpyia would have arisen in one direction 
by the reduction of the incisors, in another there would have 
followed some form like /V, rulopi.r, still retaining to a certain 
extent cuspidate teeth. Then the cusps would have more and 
more tended to disappear, the result being Pteropm and its allied 

I 
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genus, of which some few species (<?.//. Pfcrojms aneiteanvs and 
leucoptcnts, and Cynopterus) retain remnants of the ancient cuspi- 
date structure, while others (e.q. Pkropvs coronatus, . . .) have 
lost all trace of molar cusps." Oldfield Thomas, Proc. Zool. 8oc., 
1888, pp. 474-475. 

In the treatises especially of Harrison Allen' and of Matschie 1 
we have examples of the teeth of Cheiroptera studied respectively 



Flo. N2. Hiii>en. >r view of the right half nf the lower jaw • >f a Mkrochoiropter, Arlil'U* 
t>r»t>irill,ituj, showing the progressive change in m t , m t of a cuspidate into a " basin-slmped " 
moUr. x f . After H. Allen. 

from the trituhereular standpoint and from the older standpoint in 
which there was no especial attempt to establish trituhereular homo- 
logies. The very interesting and im|M»rfcint work of Matschie on 
the Fruit Bats develops particularly the secondary formation from a 




Flo. S3. Progressive stages in the development of the hypoeone in Microchciroptera. A. Tn- 
tuhercnlar stage lAtalnpha eiit»r»«). x J, B. Transitional stage (Promo/m ptntit MJtybmfftttX 
X i, C. yuadrituiicrenlar stage with rtn>ngly-dcvclo|K.-d hyj>oconc {Xyctinumus hr<t*ili> n*i*\ x ^. 
After II. All. ii. 1'ossihlv the series may l>e reven>ed, and we may he witnessing in the stages 
l\ B, A, the secondary loan of the hypocoue, caused hy the shortening of the skull and 

tooth row, 

trituhereular crown of a hasin-shaped (town with a depressed centre 

and a rim surmounted with irregular cusps, analogous to that which 

we rind among the most primitive Multituherculates. If all the 

'See titles tinder "Special Keftrencep." 
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stages leading to this secondary basin -shaped formation are carefully 
examined it will he found that they invariably point l>aek to a more 
symmetrical trituliercular arrangement. A similar caw,' occurs in the 
Microcheiroptera in the genus Artiheus (Fig. 82), where the first and 
second inferior molars 1 have become basin -shai>ed and irregularly cuspi- 
date remotely resembling the Micruhd** molars (p. 102). The nearest 
relatives of this genus are plainly tritubercular. 

According to Mivart and Gidley certain bats show a secondary 
simplification of the molar pattern by fusion of the para- and metacones 
as in the supposed case of the Zalambdodont Inseelivores. 

In general, therefore, the Cheiroptera definitely support the tri- 
tubercular theory, since the molar teeth are clearly derivable from 
simple tritul>ercular types such as we find among the Insectivoia. 

SPKCIA L HEFE/lE.VCE.S. 
Bron ti, E fatten u. Ord. <f. Thierreiihs, B<1. I., pp. 211-223. 
Owen, R., Odontography, 1840-4"). 
Oiebel, C. G., Odontographies 18.V». 

Sehlosser, M., Die Affcn . . . Chiropferen . . . dv* Europdisehen Tertidrt, 
etc. Wicn, tHHT-OO. 

Al It'll, H , "A Monograph of the bats of North America," Huff. U.S. Nat. Mils., 
No. 43. Washington, 181)3, p. IDS, 3S pll. 

MatMchie, P., Die ifeffai'hriropt<»rn if''* lierfiner Afuteumt fiir Naturl'nnde. Berlin, 
1899. (This monograph contains I I fine lithographic plates on the skull and 
body -form of the Fruit Bits. Pteropodidif.) 

C.VRNIVOKA. 

The carnivorous (|uadrupedal placental mammals may lie divided 
into three grand divisions, namely : 

The Creodonta, which were primitive Carnivores of Cretaceous 
and Lower Koeene age, the special peculiarity of which is that the 
earnassial or specialized cutting teeth in the upper and lower jaws 
are not the same a* those in the true Carnivora. In the true 
Carnivora invariably the fourth upper premolar and first lower 
molar are transformed into eurnassials ; whereas in the Creodonta 
one or more of their first, second, and third upper and lower true 
molars may transform into carnassials. The second great division is 
the Fissipedia, including the modern terrestrial Carnivora, which 
have ltoen termed Carnussidcntia by Wortman, in reference to the 
<listinctive possession of sectorials formed out of the fourth upper 
premolar and first lower molar. The third great group is the 
Pinnipedia, the water living forms, in which the teeth have been 

»H. Allen. "A Monograph of the Bnt« of North America," Bud. U.S. Xat. .Vim., 
No. 43. 1 893. PI. V. 
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secondarily modified for effective prehension rather than for the fine 
cutting or mastication of the food, which consists principally of fishes. 
Here we find the haplodont and triconodont forms secondarily 
attained. 

Creodoilta. In general the earliest or basal Eocene Creodont 
molars are very important because they present types of upper and 
lower teeth which are transitional between those of the Insectivora 
rrimitiva, the trigonodont Insectivora, the upper Cretaceous mammals, 




Kni. st. Typical trit-ilxrctiljitc nn.I.irn in very primitive ('reixlont*. Left upper figure, 
Trir. litem ru>4 n „..,> <>* ; rikjtit upper fit,'"!'.-, Ct.-wrv* '',«id,n,<i ; mitral figure. Chvmru* t ru>;vlu* ; 
all OxycLfiii-U fn.ru the Torrcjun K<>t hiiit i.. n . I tit mil K..cciu . Htik^v II, New Mexico. Lower figure, 
7V<7.w.,n A< tt^rr, tttont'e t funiil.v Trii*«1i>ntiil«< (? Mo»<>nv< I, >(!;••>, Puerc<- rWiiiHti'm, lUwil Eoectio, 
Stu^o I, New Mexico. All v J. 

and those of the higher or more specialized Crcodoiita and Fissipedia. 
Many early types of molars referred to the Creodonta closely resemble 
certain molars in the Cpper Cretaceous, but the two distinctive 
features are that they almost invariably present (1) an internal 
cingulum (wanting in the l']>per Cretaceous mammals) and (2) a 
more or less well developed hypoeotie rising from this cingulum. 

It was among these Lower Eocene Creodonts that Professor Cope 
discovered his great generalization as to primitive tritubereuly, the 
upper molars being universally ti itubercular, while the lower molars 
are universally tuberculo-sectorial. 



Digitized by Googlf 



ORDINAL TYPES OF MOLARS: CARNIVORA 



133 




Molar evolution in the Creadon ts follows three general lines: first, 
development of carnassial teeth as an adaptation in the purely 
carnivorous forms (Figs. 90, 91); second, 
the persistence of more hlunt trituber- 
cular teeth in the omnivorous forms 
(Figs. 84, 85); third, development of 
irregularly low-crowned teeth in certain 
very specialized omnivorous forms, as in 
Arctocyon and Anacodon (Fig, 8G). The 
low, irregular molars of the third type 
are so specialized in Anwotlon that the primitive tritubercular pattern 
is vanishing; but in the less specialized Arctocyon and the still less 
specialized Clccnodon, the tritubercular origin of these teeth is perfectly 
apparent 



Fig. 85. Upper tooth of DtUtUkerinun fun- 
tlaminit, an Oxyclwnid Creodont from the 
Torrejou Formation, lianal Kncene, Stage III. 
X J. The byrtocono U developing as a finutll 
cusp from the Iwaal cliigulum. 




Flo. 845. C, Crown view, jM-ih* of Auaeodon urtvttM, family Arctocyonidw, of the CreodouU, 
from the Wasatch Formatioti, Lowor Roccno. x | . Note the secondary oUseiiremetit of the 
trituborcular pattern by tlie upgrowth of the Imaal clngulim, HNeUb In the region of the 
hyixM.-one, the flattening of the crown (eomjiare tho side view If), the wrinkling of the surface. 
Analogous conditions are seen in the Ooriila and the Hears. 




Flo. ">7. l"p)»jr and lower teeth of Dit*'fut taurofliKithnt, a Mcsouyvhid Crcod<>nt, from tin- 
Basal Eocene (Torrejou). Tho npfier molars differ from those .>( the majority "f the eontei>i|»oriir\ 
Creodont* in tho small si/« of the metacone, the ledge like character of the pn>t<>cotie ; the lower 
molars are laterally compressed. subtrenehatit, with greatly reduced metaconid. They have 
bc-n cited by Dr. Wortinan a-s favouring the premolar analogy theory. (.See page 210.) 



Digitized 



Flo. s>>. Inferior Niirfaoe of the skull of M'ionujc uintenur, family M— mijcbtdg, of the 
< rMdonte, from the Uinta Formation. Upper Eocene, itl. Note the bluntly triiubetcubu 
molara. 




Flo. Wi ITpfwr mid lower teeth of §im$f9 ofnttholomn, family Il\ «-ti' xli.tit tiln-. nuh-nrili-r 
f'rcotloiitn. from the Wnxitch Formation, Lower Rooenc, Wxominjf, tbowttu the NewrfBl modi- 
th-attoii .if i«i. and iN t , »<> .4, Btljpertvr view, upi*r teeth ; B, Outer ■m view, lower teeth ; 
Superior view, lower teeth, xj. After Matthew. 
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Kn.. IK). Skull (|wrt'iul) and dentition of PfdaonirtU orWifcataf**, a «hort-fu> . .I ( 'i .■•-J.mt fmin 
the Wasatch Formation, Lower E<K-ctie. I. Side view ( x J ), kIiowIiik enlargement find sectorial 
uiodiflcation «>f >>*. ml (x J). 2. Front view (x J). S. I'alutiil view, upper jaw (x I), allowing 
tritul>er<-ular molar*, sectorial modification of the posterior side of /A. »«!, rcduetioii of wA 
4. Internal view, up|iur and lower teeth, showing W< liwlal niodincnt ion of t A, i.i 1 , and Mf, „i... 
:>. Superior view of lower teeth, xlii.utng htlmctllaacctoriul character of « () , m^. 



Evolution of Carnassial Teeth in Creodonta and Fissipedia. 

J. Lower Curnassials in Fisnipedta. 

In order to thoroughly grasp the principles of transformation of a 
tritubercular into a sectorial type, let us first examine such a series 
of tlir lower teetli as are represented in Ki<j. 05. 1 Tn A and B 
we see the external ami internal aspects of the fculierculo-.sectorial 

1 From Osborn and Wortinun, " Foss. Manun. Wasatch ami Wind River Beds," 
Hull. Amtr. Mm. Nat. Hist., IH'J-J, p. 90. 
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crown, in which the trigonid or triangular arrangement is still 
perfectly apparent and the broatl heel or talonio! is still per- 
sistent in these three characteristic cusps. In the types repre- 
sented in C and I) the heel has hegun to degenerate. In E the 
talonid has become very simple, the metaeonid is degenerating, r the 
trigonal arrangement has l>een lost because the paraconid is rotating 




Fn;. '.'1. Upper and lower teeth of a Crcodont, liixfm-Um. Cama.v<iial teeth, ^ ' w (first and 

Mjcoiid upper, and occond and tLtrd lower liiolar»>. The perfected carna*siuhi "-^ are shaded. 
After Matthew. 




Via. <>-.•. Upper and lower loctli of a Civodont, Os »<>,«: Caniassial teeth (Kirwt upi«er 

'"-j 

Hnd Kceoud lower molar). After Matthew. 

outward and fonvaid,- -lending support, by the way, to the cusp 
rotation theory (p. (//)). In /' (Din iff is) the ]iaraconitl is nearly 
subequal with tin 1 protoennid, and the metaeonid is vestigial, while the 
talonid is still further reduced. In 0 (Ft ■/is) the met;iconid is altogether 
wauling, the talonid is vestigial, the paraeonid and protocoled are in the 
same fore-and-aft line, of nearly equal si/e, ami sharply lophoid or sectorial. 
The f/irn'tssitif s/hfiafi:t'ti<m in this case involved the development or 
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transformation of two cusps (paraeonid anil protoconid) at the expense or 
degeneration of four cusps (metaconid, hypoconid, hypooonulid, entoconid). 

Carnassial specialization in general involves the great reduction 
of a nuinln'r of elements. It is thus diametrically the reverse of 
certain types of herbivorous s]>eeialization, in which there is a 
constant increase of the numlier of elements. 



X 



Km i)3. Upper and lower teeth of it Fiasipcde or true Carnivore, the Liou. Carnassial 
teeth , (fourth upper premolar anil first lower molar). After Matthew. 




A n c D B 

Fir.. 04. Evolution of the sectorial up|icr ami lower molars in the Croodonts. A. Typical 
trltubcreular upper awl tiiberculonectorial lower molara in Tfiitvloa htilprimiauMS, family 
Mewmyehidaj, Puerco Formation. Statre I., Basal Koceno, B. *i<i<>/>»i ufiifthotumn, family llyteno- 
donttdte, Wasatch Formation Lower Kocene. Note: the "hearing modification i>f the posterior 
side i if the upper molar and of the anterointemal side of the lower molar, the small sixe of the 
talonid. the reduction of the luetaonid. C. Osmran /nrW/wfa, family Oxya-nid»\ Wawitch 
Formation. Note the further accentuation of the character* mentioned under H. I>. Fttrodon 
thumuvvUt, family I f > i.-n- .<i. .nti-h*-. Upper Kocene and Olttfooctie, France. Note: the con- 
croacenOB of the mctacoliu with the pur none, the loss of the metaconid, and (almost) of the 
talonid (hyi). the anterior shifting of the protoeone, the lateral compression of the lower tooth. 
B, Hf/animtua horn>l\i», family tlytunoUoiitldn-*, White River Formation, OUtfoccuu. Completed 
carnassial modification, resulting in lotijr shearing hladcs. In the upper suctorial competed of the 
|xirai-otie, vcstiifial meticoiic ami enlarged mctastyle ; lu the lower Rectorial of the enlarged para- 
eoiiid and protocontd. All the figure* represent the first upper in .lar (.«») and the second lower 
meter (miX From Scott and Osborn. 
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Km. '.»-'.. Inferior teeth of various Creodonta (Ah.) and true Carnivore* (F, (.'), allowing the 
homologies of the nis] *..f the specialised lower cnrimaalal tooth. A. rol»t„„.-l» .t.ptuttn, Lower 
Kocei is, Frame, • utcr new, »howi»K tulierculo-aeetoriiil molar*, with a small low talonid. B. 
PalthntittU Q(c«i' ,'l'tl,t, WaKatch Forniati. n. Lower Koeene, Wyoming, Inner view. C. AwHttc- 
IttMUl MtMMM, Wa».itch Foi Inat i<>l>. Worn teeth, inner view, showing reduced talonid (<). l>. 
The Mine, outer view. A'. Milk teeth of I'ulnith In, family Oxyauuda-, *nb-ordcr Creodont*, 
(Inner view). Hridger Formation, Middle EoceiH), Wyoming. Note the lateral eoni|ire*>»ion of 
the teeth, the eid.u ^elueiit of the protenotud mid paracomd, the reduction of the metaeonid. 
F. DittittU fi I hoi , one of the Maehierodout Fclida', Mih order < arnivoia Vera (Fi*Mpcdta), White 
litter Formation, Oligocciic. Inner view showing bl.ulc-like ehanieti r of the tooth, elilnrKeUicnt 
and separation of the piracontd, reduction of the metaeonid and talonid. (I. Frlit cwtcvlor 
(Puma). Inner view. Note vestigial character of the t d.mid (me 1 ), disappearance of the 
metaeonid. 

Convergence of Upper Carnassiah in Crcudonta nnd Vissipnlia. 

The independent evolution of the carnassial teeth among Creodonta 
and Fissipedia af lords the most distinctive and interesting example of con- 
vergent cvoivtion, wkerelty similar adaptations are reaeJted from dissimilar 
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ha/innings, so that if we did not know the intermediate history we 
would Vie entirely misled. This results from the fact as noted above, 
that, in the Creodonta, teeth looming upper sectorials are chiefly the 
molars, whereas in the Fissipedia they are invariably the fourth upper 
premolars; although the initial pattern of the upper molars and of the 
upper premolars is different, the crown being composed of cusps some 
of which at least are not homologous with each other, the result of 
adaptation is to make these two teeth appear to be entirely similar. 
(Series I., II., Fig. 96.) 




Fui. '*>. Convergent Evolutlou of Carnoxsial* in Creodonta and Fissipedia. Arranged by Dr. 
W. I). Matthtiw from specimens in the American Museum of Natural History. These aeries 
represent morphological hut not direct evolutionary sequences. 

I. (Upper row). Creodonta Firtt upfwr trw molar of the rinht side evolving from the tri- 
tubercular into the carnasslal type in the Hya-'uodonttda-. 

A 1 . Ikftatktriti)* of the Uasal Koccne. Generalized tritnliercular molar with three primary 
cu«p» pa., a rudimentary hypocono. and two external styles (jxuk, mU.). 

A'K Sinoixt opUthotuma of the Lower Eocene. Forward shlftiug of the protoeoue (pr.), back- 
ward prolongation and cutting shape of the uictastyle {><>t*.), nductiolt of the parastyle (pit.). 

A 3 . Sinopa c/..f«p of the Middle Eocene. The progressive changes described under A- more 
strongly accentuated; also incipient reduction of the protoeoue ( pr. ), and its approach toward 
the pwracone (;»<>.), but especially the approximation of the |>aracono to the mctacone. 

A*. Ptt,<xlun of the Ix)wer Oligocctic. Still further accentuation of the above tendencies, 
namely, approximation of the metacoiic to t he paracone (mt., fut.y, reduction of mctacone (i.e.), 
enlargement of metastylc (ml*.), reduction of parastyle (pa*.), antcn. version of protoeoue (pr.) 
and its approximation to the paracolic. 

A*. HHfr,i< K l<„i of the Middle Oligocene, representing the final stage. Protoeoue (pr.) reduced 
to a mere cmgulum, paracone ami mctacone (/«t., mt.) completely continent, metastylc (i-.f.«.) 
greatly elevated, laterally compressed, Kivinif us a ctitting blade laterally compressed, cum posed 
mainly of two element*, namely, param,<, f ,.<-tao>..., and metastylc. 

IL (Lower row). Fissipedia. Superior umrth prtmttar evolving from tntubcrcular into 
carnassial form in l'alK-onictidie, Miaeidw, Canlda-. 

JS'. Pahtonirln. A Creodoot of the Lower Bocene. Generalized fourth premolar type, with 
protoeoue, deuterocone, and eusjwt corre*|iondfiig to parastyle and mctastylc. 

Ri. Didf/mirtit of the li.utal Eocene. Wo note the forward shifting of the deuterocone, the 
reduction of the p.uastylc, the enlargement of the metastyle. 

ffK Papha hum, a dog of the Lower Oligocene. Forward shifting of the deuterocone, still 
further reduction of the parastyle. elevation of the protoeoue and of the metastylo. 

if 4 , fani*, B recent dog, showing the vestigial deuterocone and parastyle, and the subeipial 
metastyle and prutccouv. 
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Fin. l»T. Skull and jaw of l)»u(t,i a primitive Mucin? rodont Kelid from the <>Hgo- 

cent' of Colorado. Note the ixutitioti of the carnansials (/<«, In relation to the ureas of insertion 
of the muscle* of mastication. The action of the lower teeth on the upper teeth In from behind 
forward and upward. X J. After Matthew. 




Fin. VS. Inferior view of the »kull of /'/,/. (<«■«/.«.. /. »r«,t. an am oitnil Kaccooii (Procyonid) 
from the (Upjicr) White Itiver Fomiutioii, 01iK»ccne O.lorudo. »howin« the Mihweetorial modltl- 
cati.-n of the cruahiiiK character of ...», the aWnce ..f ...» - j . After Matthew. 



Digitized by Google 



ORDINAL TYPKS OK MOLARS: CAKN1VORA 



141 




m 2 



Km. Ml Crown view of the worn upper cheek teeth of a gigantic Amphicyoninc Canld 
Bnrophiiftf gull- vi, from the Upper Miocene of Texatt, drawing trltubercular molars (m>, w«2), and 
curnaaaial p*. The cuUrjrement of the pariw-onc (pa.) Is apparently aecondary. x §. After 
Matthew. 




t'ui. 10)1. Skull and jaw of Muit-hi ogvpi-t, an extinct apccic* of marten (family Muatclldie), 
from the Upper Miocene of Colorado. Note especially the carua?«ial teeth, which aa in the 
Felidiw have boon developed in the fourth upper premolar, and first lower molar. Note also the 
reduction of the firat up|>er molar and the absence of the other poat-eamaamal teeth, another 
analogy with the Fclid»\ xj. After Matthew. 




Flo. 101. Inferior view of the ukull of RuAtrlarvt Unj<>phr<fn<$, a primitive Musteline, from the 
oiiKocenc of Colorado. Note especially the caroaaMnl moditieation of p\ the reduction of the 
practical disappearance of „,v. , ]. After Matthew (1!»02). 
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me. pa. pr. 

pr. — 
m.2 m.l p.4 J 

Fig. 102. Crowu view of the ri^lit upper chct-k teeth of the Uliitumiii! (A i-et-rli t bintuionp). 
Knowing tlio loss of the thud mol.ir, the ureal reduction of the hocoihI (!«•'). the simplification of 
the flr*t (..!')">• the loss of the lueUcoiie (nu), an 1 the reduction ol the protocone (pr), the con- 
vurxence in fonn tjetween ..." and )A, the ifreater or leu rhittemng down of the crowns of ;><- ,.. ■> ; 

thin apparently in adaptation to fnufivoroun diet. The nearest allies of the Htiitnrong, the 
Parndoxurei*. have more normal teeth, while the mowt primitive, more carnivorous member* of 
the family V'iverrtda- (•.<>. fitntttn) have trltuherrulnr upper and tuiwrculoscctoriat lower mo)ar>. 

FlSSII'KUlA. 

The tritubeivular and tuberculo-sectorial teeth of primitive Procyon- 
itke, Mustelidic, Viverrida*, Frsida', ( 'anitlu*. Felida*, and Hyanida' are 
too well known to require special emphasis. In general the I'rocyonida' 
exhibit the bwnodont. tritubereular type. The 1'rsida- exhibit a 
depressed and secondarily bunodont, quadritul>ereular and tuheieulo- 
seetorial dentition; as seen by comparison of the more sectorial molars 
of the Polar Hear, ThalnssmrtoM, with the more depressed molars of the 
relatively omnivorous Black Hear. Tin- teeth of the bear were originally 
more elevated like those of the dog, then secondarily elongated, and 
finally depressed and irregularly tubercular. 

Thujf. nc rftl Tt/p't. 

Adaptation to different habits has given rise to a great variety of 
secondary modifications. For example, (i) to the Hat or even basin- 
shaped crown of Crreol '</>(>*, (2) to the degenerate tuliereulate teeth 
of A ret iff. is (Fig. 102)- the extreme similarity between p 4 and rn l in 
this animal, the enlargement of the paraeone and the reduction of 
the metaeone, the ledge-like appearance of the protoeone, make the 
resemblance which lias arisen between these teeth analogous to that 
which has arisen in Mrstmif ,— namely it is a case of convergence. 1 

In general answer to the analogy argument (p. 2K>) it has been 
shown in the case of the sectorials of Creodonta ami Fissipedia above, 
that (n) liual similarity of form is no indication of derivation from 
homologous parts; {/>) the exact similarity of /> 4 and m x in Arctic/is 
(Fig. 102) is another case of independent or convergent evolution, or the 
production of analogous crowns from non-homologons cusps (see pp. 
I .'58. 1 (<") fruit-eating habits (Ar<fi<fis is said to be frugivorous) 

frequently lead to the degeneration or aberrancy of the molar crowns 

'[Hut we also the in.ticat ions in Figs. 14, 06, 67, 6!<r*, 76, *4. H.\ 10.), 116, 117, 
118, 131, 13!>, vie. that the similarity lx.'t wet-n /»* and /#*' is not wholly tlue to convergent 
evolution. — En. 1 , 
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(p. 103): ('/) the enlargement of the paracone and reduction of the 
metacone occurs also in Dinocyon (Fig. 99), in the Mesonychid Creodonts 
(Figs. 87, 88, and p. '1 10), and is probably secondary: (»;) no fossil 
ancestral viverrines are known with such aherrant molars. 

SI' EC I A L REFERENCES. 
Figures of Molars of Carnivore. 

Broun, H. (L, Ela**. u. 0,d. d. 77uVrreiV/<V, 15.1. I., pp. 179-21)2. 

Owen, R., Odontography, 1 H40- 1 H4."». Set' especially for histology of the teeth. 

(iiebel, C, <i., Odontography, 18a.\ 

Schlosser, M., Z>iV Af'-n . . . Carnivorcn de* Enropiiisrhen Trrtiiirn, etc. Wien, 
1887-90. 

PlXNIPKIHA. 

The teeth of the aquatic Carnivora, or I'innipedia, are so much 
modified secondarily that until we trace their ancestral history we 
cannot feel any confidence in attempts either to homologize the cusps 
or to trace these teeth hack to a tri tubercular or trieonodont stage. 
Weher 1 adduces much evidence in favour of their derivation from the 
Bears. In that case the ultimate derivation of their molars from the 
trituberculur type would be obvious. 

As figured above, Phoca tjir.hvjcnsU (Fig. 103 A) exhibits a tooth 
analogous to that of the Triconodonta among the primitive Marsupials 
(Fig. 6), that is, with a main central and two lateral cusps. We 
have seen that somewhat similar molars with several cusps in a fore- 
and-aft line have evolved secondarily out of tubereulo-seetorial molars 
in the case of the Marsupial Thy/ act/ nit* (Fig. 08, II. g) and of the 
Creodonts Meson yc (Fig. 87, lower teeth) and Jlyanoflan (Fig. 91). 

Phoca vihtlina exhibits a type more suggestive of Zfuylotloti 
(Fig. 194, p. 191), the central cusp is less prominent, and the lateral 
and posterior cusps more elevated and connate. According to Dr. 
J. A. Allen,'" within this single species, Phoca ritulina, there is a wide 
range of individual and sexual variation in the cheek teeth, as 
regards the number and position of the cusps, the size of the crown, 
its position in the tooth row, etc., s«. that we may infer that at 
least in this sj>ecies a high rate of evolution or variation is even 
now in progress, while in the past the evolution has obliterated the 
primitive pattern of the teeth. In Phoca gronlandxai the lower molars 
are suggestive of the tubereulo-seetorial type. 

The third type, Zalophus mlifomianox, the Sea-lion (Fig. 103 (*), 
presents in the upper molars at least an example of the s,co/a/only 
haplodout crmrn, in which the main outer cusp is probably the paracone, 

1 Dk Stiwjftirrf, Svo, 1904, p. Ml. 

*B»H. Amer. Mum. AW. //.V., Vol. XVI., IU0U. pp. 4&H-47U. 
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which has been developed at the expense of the degenerating inner 
cusps, which included originally an elevated protocone. 

The secondarily trieonodont cheek teeth of the Leopard Seal 
{Oymorhinus lejitonyx) are shown in Fig. 42*. 

SPEC/ A L HEFERENt 'ES. 

Bronn, H. <J., Flatten und Itrdnungen dt* Thierreieh'*, Bd. I., pp. 105 108. 
Oweu, II., Odontography. 

T< Hues, C. S., A Manual of Dental Anatomy, 1H!>8. 
De Blainville, H. L)., Osteographie des Mammiferes. 



v A 




Fir). 103. Secondary evolution of triconodont and ha]>Ui<lont tyj>ea in PixUltpodia. Internal 
view. A. Pkixa pichigtntii (family Phocidw or Karltsx Seal*). H. I'hon ,,tulina (Harbor Seal*. 
V. Zalo,,hut cali/ornieu* (California Sea Lion, family Otaritda- or Eared heals). All x J . 



HoltENTIA. 

We naturally look among the brachyodont, short -crowned types 
of Itodents, such as the squirrels and mice, for the ancestral form 
of Rodent teeth. Matthew 1 and Oshorn " have hypothetically traced 
the Rodents back to a lower Eocene ancestor in the family Mixodec- 
tidie ; UsImhii has gone so far as to call these animals Proglires, 1 
whereas W oilman 4 has revived the view expressed by Cope that 

'"A Revision of the Puerco Fauna," flu/1. Anur. Mas. Xat. Hi*. t Vol. IX., 1.H97. 
pp. 259-323. 

•"American Eocene Piimutes and the Supposed l.'odent Family Mixodectidre," Hull. 
Anur. Mus. .\af. Hint., Vol. XVI., 1902, pp. 203-213. 

3 Recent studies by Matthew indicate the nearer affinity of these animals to the 
Insectivora, with pOMtUlfl relations to the Ix>muroida. 

4 "Studies of F.ocene Mammalia in the Marsh Collection, I'eahodv Museum." Amtr. 
Journ. Sri., Vol. XVI., Nov. 1903, pp. 31.V3.V2. 
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these animals are not Rodents but Lemurs related to the al>errant 
order represented by the living Cheiromys or Aye-Aye. The evidence 
for either of these antagonistic hypotheses is by no means final. If 
these animals are truly primitive Rodents or Proglires, they settle the 
tritubercular question so far as Rodents are concerned, because the 
teeth are typically tritubercular above and tuberculo-sectorial below 
(Fig. 104). Pending the positive discovery of the remote ancestors 
of the Rodents, it may l>e said that the most primitive existing and 
fossil forms of brachyodont rodents, as the Eocene and Oligocene Ischy- 
romyidie, SciuriiLe, exhibit apparent traces of the tritulierculur pattern 
in the molar teeth. 




Fi<i. 104. TritubercuLtr molar* in the " ProHllrea," possibly related to tho Rodents. Upper 
figure, an upper molar of OUwloi- <* co t x i frotn the Torrejon Formation, Stage II. Basal Eocunu, 
showing a primitive tritubercular crown, with a hypocono growing up (roui tho banal consilium. 
Luwur figure, lower jaw and teeth of Mixodtctut pimp*** also from the Torrcjtm Formation, 
»howiuK enlarged incisor and tubcrculo-sectorla] molars. See note 3, page 144. x *. 



SlMI'I.ICIUKNTATA. 

The animals included within the sub-order Simplicidentata (i.e. 
with a single pair of ineisoi-s, as contrasted with the Duplicidentata, 
or Rabbits and Hares) are traced back by Tullberg in his great 
monograph, 1 to an ancestral type in which the molars exhibit four 
cusps. .Schlosser 2 also has figured a morphological series of upper and 
lower molars, showing the proliahle stages of evolution from the bunodont 
tritubercular (?) molars of Arrtmni/s to the hypsodont complex molars of 
Ifi/stru. Forsyth Major, on the contrary, who has made an exhaustive 
study of the teeth of Rodents, regards the teeth of primitive squirrels, 
which are apparently trituliercular, as secondarily derived from a 
polybunons form by the loss of certain cusps. It is more consistent 

1 Utber tla* System dtr Xagethitre. Upsala, 1899. 

-"Die Diffcronzierung «lca Saugetiergebia«es," Biol. Ctntralbl., Bd. X., Nr. 8, 1890, 

S. 

K 
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with the evolution of the mammalian molar teeth in general to 
suppose that the primitive Oligooene Sciurid of Fig. 105 actually 
exhibits a trituhereular crown ahove without the hypocone, and a 
quadritubercular crown below, in which the paraconid is vestigial. 
(Compare Fig. 100.) 

Among the rats and mice we observe a secondary cusp addition 
and evolution, which has obscured the primitive trituhereular pattern 
if such existed, closely parallel or analogous to that of the multi- 
tuberculates in the development <>f three parallel rows of tubercles 
above and two parallel rows of tubercles Mow. (See pp. 102-104.) 




Ft<;. 105. I-cft up|>er el k teeth of a primitive Squirrel, Seiurm* (Pi-wcium*) trtiuhn from 

the Titanothertum lied* (Lower Oltgocene) of Montana, the molars showing apparent derivation 
from the trituhereular pattern. \«. After Matthew. 




Flo. 10o. Lower jaw ami teeth of OjMMpfJKfclM uk'iiiuik*, a primitive 3ciunituorph( v ) from 
the Titaiiothcrium Bed* of Montana ; the molars apparently indicate derivation from the 
tuberculo-ncctorial type. seems to show a vestige A the paraconid. x{. After Matthew. 



t 




Flu. lor. Uptier teeth (crown view) of MtlafHWltU .^niwlmi (CI. Kik'- 1'^), showing the small 
size of ,„>, m'i, the great development of )>*. In the rootle** hypsodout teeth the enamel is 
folded into longitudinal "lakes * All traces of a simpler crown pattern have bMB lost, as in 
many t.thcr Hy*tricomorphK, Castorida-, etc. • jj After Matthew. 
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FlO. 10".'. Trace* of trttubcreuly In the fourth upper premolars of the Kodent families 
M.vlagniilidH.- mid Haplodontiid*-. Osborn's molar cusp nomenclature is used a* a matter of 
convenience, not necessarily implying homology with the cusp* of the true molars." (Matthew.) 
If the fourth upper premolar in these families has been derived from a tooth with the trituber- 
cular form, the first molar wa* probably tritubercular in m m and in ortpin. After Matthew. 




Fio. lio. Up|K«r check teeth of tiutvpomy* thomsoni, an Oligocenc Castorid Rodent from 
the Oreodon Bed'., allied to the Beavers, but with less hyi*clodont and more primitive teeth, 
which apparently retain traces of the protoconc, hyi>ocoiie, ]mracone, metacc.ne, and of the 
external styles (,.a«, tits, ml*). x ». After Matthew. 
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Flo. 111. Side view of the skull and jaws of Eutypo, t ,y» thorn ioni (i f. Fig. II") showing suh- 

hypsodont cheek t<jcth. 




Fio. 112. Skull of the Hat (Mm* ra«»*\ illustrating the type of dentition characteristic of the 
Myoinorph Relent*. The motion of the jaw is proal, -.. . from In front upward and backward. ■ | . 
After Matthew. 

DUPLICIDKNTATA, 

In the Duplicidentate Rodents (or Rabbits, Hares, and Pikas), 
otherwise known as Lagomorpha, the crown has undergone a complete 




Flo. 113. Skull uf Ptthrabx.ioA inUrmrti*$, an ancestral Hare from the uli K ocene of Colorado, 
illustrating the upi>er dentition of the Dupliddcntatc Rodents, x f . After Mattlicw. 

metamorphosis into hypselodont, columnar and rectangular form. These 
specialized adult crowns show no trace of separate tubcrcules or of 
anything but a strictly transverse pattern, yet where the permanent 
teeth are unworn, especially among certain fossil species, we find 
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nunc or less evident traces of the primitive pattern. The milk 
teeth also still retain vestiges of a triangular pattern with three 
main tubercles, internal to which is a deep notch or internal folding. 
This notch in the adult teeth extends entirely across the crown, 
forming the double transverse ridge which so deeply divides the 
crown that the anterior and posterior moieties have been supposed 
by Marett Tims 1 to represent the fusion of two originally separate 
elements. This notch, however, is entirely secondary. 

The ancient pattern of the molars is homologized by Forsyth 
Major 2 himself with that of the molars of Pcli/corfus, a primitive and 
strictly tritubercular primate : it certainly suggests as the ancestral 
condition a triangular to quadrate, low-cusped, brachyodont, three- 



Fin. 1M. — Apiwrent traces of trituberculy in Lagomorphu (Oupltcidcntata). After Forsyth Major. 

A. Upper molar of u primitive Ochotonid (Lagouiyld) Titanomvt foitta»>u*i fntm the Middle 
Miocene of Europe. Note : (1) the beginning of the groove ou the internal aide, which in the 
litter Uarea, etc., sinks iuwitrda and divides the crown Into two portions ; (•_*) apparent vestiges 
of the tritubercular pattern. 

B. Anterior view of the same tooth. Koto the reduction of the external root*, the hy|tcr- 
trophy of the internal root, the spreading of the enamel upon the anterior and inferior portion* 
of the crown. 

V. Upxu ciimcufiw, milk molar 1, showing retention of much leas special i red condition than 
in the adult 

D. Second upper molar of a Flying Squirrel (Pt>ro»iv* ).,-la,v>t,*) to illustrate the ancestral 
type of molars from which the specialized tyiie in the Duplicidcntata molars proubably arose, 
a. Fig. 11,'..) All figures J. 

rooted tooth, with the protocone centrally placed. This type of tooth 
is associated with omnivorous or insectivorous habits and a chiefly 
vertical motion of the mandible, as compared with the oblique t»> 
fore-and-aft grinding motion and herbivorous diet to which the adult 
teeth of the Dnplicidentata are adapted. Thus the milk teeth of even 
this highly specialized group of Indents revert to a tritubercular 
pattern. 

Pahiontologieal evidence leads to the same conclusion. If the 
known fossil American ancestors of the Hare Ik? arranged in chrono- 
logical order (Kig. 115), it is seen that as we go back in time the 
molars are less hypselodont, the broad band of enamel which is con- 
fined to the inner side of the teeth in Ispim spreads out over the 
whole tooth, and in the earliest stage the vestiges of two roots are 

'Journ. Anut. a. l>hy*iol.. Vol. XXXVII., 1903, p. 144. 

""On Fossil and Recent Lagoinorpha," Tram. Linn. Soc. Lond. (•>), VII.. 1S99, 
pp. 433 520. 
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clearly seen on the buccal or external side of the tooth, which in 
some specimens have large and well defined alveoli. Two morpho- 
logically older hut geologically more recent stages are figured by 
Forsyth Major (Fig. 114). Taken in connection with the fact that 
the crowns of these teeth show a vestigial triangular pattern and in 
comparison with the molar of Sciuroptrrvs santhiprs (op. rif., PI. 39, 
Fig. 15), and with the fact that the hypertrophy of the lingual 
portion of the tooth is secondary, little doubt remains that we have 
here a tooth with three originally subequal roots disposed in a 
triangle, and a trigonal and prol)ably tri tubercular crown. 

Thus both divisions of the liodentia, when studied from the ana- 
tomical or comparative zoological standpoint, or from the standpoint 

A 8 C n E 

Fin. llo.— Evulutlou of hypaclodont rootles* crowns in the upper molars o{ American itncentore 
of the Hitch (L^poridje), allowing (1) the duKippmrtince of the external root* of the tooth, (2) the 
limiting of the enamel to a broad band on the inner Hide. Krotu Matthew. 

A. I'nlitolaffUJi hiwrhyotio*. Titanotlieriuni Beds, Lower Oligocene. 

H. P'tUmla-ju* turyntu* {lean worn). Orcodon Hcdn, Mi<ldle Oligocene. 

('. I'tttit'ilniiH* turi/uiu* (more worn). Oreodon Hed«. 

D. Paltrotiutu, int-rtntUiui. I^tpUiucheiiU Bod*, Upper Oligocene, the crown in now rootle**, 
the enamel 1b becoming confined to the anterior face. 

ti. Isput atneriennu.. Recent. The enamel is now confined to the anterior f.ice. ,- J. 

<»f the milk teeth, or from the .standpoint of paleontology. apparently 
lead back to a tritul>ercular, trigonal pattern of the crown. As among 
all the other divisions of the mammalia we confidently predict the 
absolute demonstration by paleontology of the derivation of the liodentia 
from tritubcrculate ancestors. On the other hand, Dr. Wortman 1 has 
shown that in certain ancestral Koeene Seimoinorphs (Farumya) in 
the course of linearization of the inferior premolars, the apex of the 
original single-pointed premolar remains in the aiitero-internal cusp 
and not the antero-external cusp of 7>,— 7»„ whereas in the I'ngulata, 
Carnivora, Insect ivora, Primates, and probably other orders, the primi- 
tive tip or true protoeonid is in the antero-external cusp. Hence, if 
the true molar cusps are homologous with similarly placed cusps in 
the premolars (see pp. 19f>-200) the so-called protoeonid or antero- 
external cusp in the molars of braehyodont Uodents is not homologous 
with the similarly placed cusp of other ordei-s. Dr. Wortman also 

1 Anur. Jour. Set., Vol. XV., .June. 1903, pp. 216--.M8. 
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points out that the hypsodont and folded molars of Stencojiler, Palaocmtor 
and Castor, may have l«?en derived from the more brachyodont teeth 
of Sriurants, which in many respects is closely related to Paramys. 
" In like manner Afy&ops and Sciurarm afford the stem types from 
which both the Hystricomorphs and Myomorphs were in all probability 
derived.'' All of this, if proved, would show ( 1 ) the derivation of all 
liodent molars from the brachyodont Sciuromorph type, and (2) that 
the nomenclature of Trituberculy could only In? applied to the molar 
cusps of Kodeutia as a matter of convenience not as indicating homologies 
with similarly placed cusps in other orders. 

SPECL I L REFERENCES. 

Owen, It, Odontography, 1840-45. 
Gietal, C. G., Odontogruphie, 1855. 

Broim, H. G.. Klas$. «. Ord. dm ThierreicK*, Bd. I., pp. 15o-lf>9. 
Tulll)erg, T., Fi/xti-m der Xnijethiere. t'psjila, 18519. 

SchloHser, M., "'Die Diffrreiizicrung tie* Saugetiergebisae*," Hiol. Ceiitralbl., 
M. X., Nr. 8 n. !>, 1S!>0 (especially pp. 250-251). 

TlLLODOKTlA. 

Estkonyc from the Wasatch or Lower Eocene almost certainly 
represents an early stage of the Tillodontia. 1 The pure trituberculy 
of its molars brings this group also in line with the great majority 
of early mammals. (Fig. 110.) 




Km. U|>|i-r cheek teeth of Ktthnnyt tiiutuitn*, a Tillodont from the Wind Kiver 

r'ommnon, Lower Eocene, rei>rtJtentii>n the ancestral juittern from which the Tillol/uiium 
Un til inimt hare been derived, x J. 



EkKMATA AND T.HMoDONTA. 

The teeth of all the known socialized Kdentates are so highly 
modified not only by the loss of enamel, but by the simplification of 
the pattern of the crown to a conical or haplodont condition, to a 
tubular condition, or to the compressed columns of the (Iravigrade 
Sloths, that until recently no light whatever was thrown by comparative 
/oology on the ancestral forms of the molar teeth. The first discovery 

'See Wortman, J. L., in /In//. Amer. Mum. XV. Hi,/., Vol. IX., )b!»7. 
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pointing toward such ancestry wan recorded by Thomas 1 in the vestigial 
milk teeth of Oryderopm, the posterior milk molar retaining a simple 
crown with two roots. 




Fi<;. 117. A. Skull of (Smuryeta comma, fatnilv Conoryctidaa, order Tamiodonta. from the 
Torrcjon Formation, Stage II. Kauai Eocene, New Mexico, 
if. Superior view, lower teeth. 

C*. Superior view, u|»|>cr teeth. The upper tooth iihow apparent trace* of tritnfu-rcular deriva- 
tiim, the lower of tubercuto-MctorW derivation, n j. (From Wortnwo, after Soott and Osborn.) 




I 



Vw, US. Upper check teeth of Oi?chatUctt$ ftoonthft*, family Conoryctidie, order Twnio- 
donta, from the I'uerco Formation, Stage I. Hasal Kocetie, New Mexico. 

A. Outer tide view. B. Crown view. C. Inner or Ungual aide view. The molar teeth arc 
obviously trituboreular, ftilggcatiiik' lho.«e of the Oxyclamid t'reodont* (Fig. .M). x J. (Fr»m 
Wortmati. after Scott and Ouborn.) 

It has, of course, been generally assumed that in the ancestors of 
the Edentates, the molar teeth were not only rooted and covered with 
enamel, but that they possessed a more complicated pattern of the 
crown. 

1 "A Milk Dentition in Or V cteropiis," Pror. Hotf. Soc, Vol. XLVIL, 1890, pp. 246 24 S, 
PI. S. 
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In 1896 Dr. J. L Wortman 1 of the American Museum expedition 
discovered that the animals long descrilied hy Co]>e partly as Ta j niodonta 
ami partly as Creodonta exhibited strong resemblances in the skeleton 
t<> the Gravigrade Sloths, there being an especial similarity of structure 




Ki»j. 111*. Lower jaw aud teeth of Onvrh&l-cto tin>mt.<*i*, family Conoryctid»\ order Ta-nio- 
•luntu, from the Pucrco Formation, the tmmt Creodont-like member of the order (ianodonta : 
ahowing lower molar* of tubereiiloaectorial derivation. x|. (From Wortman, after Scott and 
o»lx»m.» 




Flit. ISO. Skull and dentition of lle.uig.inu* of.tnie/ou, family Stylinodontid»% order Tsvnio- 
donta, from the l'licro. Formation, Stage I , Basal Eocene, showing the enlarged gnawing 
canine* and other characters pointing toward Ptiltaroth, nuw and (Ulamtxion. x J. (From 
Wortman, after Scott and OwK.ni.) 

between PdUamthcrium and Mryalonyr. This discovery was a direct 
continuation of the prophetic remark of Dr. Max Sehlosser, 2 that 
certain fonns {Esthonyx, Calamotlon, Psittacotherium) t which, on the 
one hand, are evidently (Onychottevtes and Hnnif/anus), related to the 

1 " Psittacotherium, a member of a new and primitive sub order of the Edentata," 
Bull. Amer. Mw. Xat. M*t., Vol. VIII., JS9«, pp. 2S94202. 

s Quoted by Wortman from Schlosser's "Die Differenzierung des Siiugetier Oebisscs,'' 
lliolvj. CentraMatt, June, 1890, p. '252. 
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Creodonts, ran, on the other hand, lie regarded jis the ancestors of 
a part, at least, of the Edentates : to the extent that in such a line 
the formation of prismatic teeth out of the tri tubercular and tubei-culo- 
sectorial type can he traced. 1 




Km. 12i Si<lu and U>|» view* of the skill of Piittamlktritm muliim;/,,,.,, family Stylino- 
tlcottdiv, order IVniodoiita. from the Tornjoii Formation. St.»«c II.. B;uu«l Kocolie, showing the 
enlarged gnawing canim*. (From Wormian, after Scott ami Osborn.) 

To this group Wortman 1 gave the name Canodonta (equivalent to 
Ta iiiodonta Cope) in reference to their enamelled teeth. 

All the early members of this group of Ta iiiodonta have tubereu- 
latc teeth, in which, however, the enamel is so delicate that it rapidly 
wears ofi. In Psittncot/u rutin, for example, the lower teeth are 
<iuadritul)eicular (Fig. 12.".), in f'c.lamotfon (Fig. 124) the unworn lower 
teeth are crested and exhibit all the live cusps (proto-, meta-, hypo-, 
entoconids, and hvpoconulid) of the primitive crown, having completely 
lost, however, the paraconid. In the remotely related Onychvi/ccfts 
(Figs, lis, the upper molars are again strictly tritubereular, while 

1 YVortman, J. L., The Ganoilonta ami their Kdationship to the Edentata," Bull. Aiiur. 
Mn<. An/. Hi*., Vol. IX., 1S!»7. pp. .VJ-llD. 
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Flo. 122. Front and aide views of the jaw of Ptittneuthtnum maUt/rayum, showing enlarged 
gnawing canine*, and molar* of tuberculo-seetorla] derivation, x J. (From Wortmaii, after 
Scott and Osborn.) 




Fio. 123. Superior and nide view of the aecond upper premolar and the tlrat and second lower 
molars of P»i ttae<>th> rim.i multt/nuiuui, family Stylinodontida?, order Tn-nlodonta, from the 
Torrvjon Formation, Stagi II., Hawtl Koeene, New Mexico. The lower molar* may have been 
derived from the tubereiilo.»ectoriiil type bv the lo*» of the jxtracontd. >; J. (From Wortmun, 
.ifter Scott aud Ofborn.) 




Kit:. 124. Side and sujKjrlor view of the lower jaw aud teeth of Calomotlon rimphs, family 
StyHnodontlda\ order Tn-nlodonta, from the Waaatch Formation, Lower r>xene. Note the 
greatly enlarged rootleaa .auluc, the cylindrical molars with Imperfect enamel. > }. (From 
Wort man, after Scott and Onborn.) 
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the lower molars are also obviously derived by depression of the 
tritubereulo-seetorial pattern. 

Opinions dilier as to the value of the evidence that these forms 
are true ancestors of the American Edentates, hut the balance of 
structural characters is certainly very strongly in favor of this theory. 
If it shall be finally positively confirmed by future discovery, the 
American Edentata will also be definitely ranged in the tritubercular 
ranks. It should lie stated, however, that Professor Scott seriously 




Fh.. Crown view of unworn lower tuolars of Cut amadou nmptes, family Stylinodontidn-, 

order Tieniodonta, from the Wasatch Formation, Uiwer Koccnc. \ J . Molars apparently derived 
from the tuberculosectorial type bv the loss of the paraeonid (compare analogous conditions 
BBMDg Primates and Ungulate*). (From Wortnian, after Scott and Osborn.) 




PlO. 120. Single tooth and fragment of the lower jaw with tocth of at,,li,»*),., t u«,-vj, family 
StyliiKKlontidie. order Tseniodonta, from the Wind Kiver Formation, Stage II., Lower Kocenc, 
representing a highly specialized Twniodont with hy|wodont rootless cheek teeth, which have 
lost the enamel on the inner and outer sides, and all traces of tnbcrculo-sectorial derivation, >. .}. 
(From Wortnian, after Marsh.) 

questions the supposed ancestral relationship of the TVniodonta to the 
American Edentates, because he says the Taniodonts are much less 
like the Santa Cruz Miocene (J round Sloths than like the descendants 
of tin* latter, the Pleistocene Ground Sloths; and hence he interprets 
the resemblances between (Janodonts and Edentates as an instance 
of convergent evolution. 

SPECIAL REFERENCES. 

Owen, It., Odontography, 1840-4'». 
Giebel, C. G., <><l„„togr«phie, 1KV.. 

Hronu, II. C« , Kla**en u. Onlninujei) i/e* Tl<i>rreich , n, Hd. I., |>|>. NT-l'iO. 
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I'KIMATKS. 

Cope's contention as to the trituberctilar origin of the teeth of 
Primates rested upon the strongest possible proofs both from com- 
parative /oology and from pala-ontology. The tri tubercular pattern 
is still the prevailing one among the Umiuroidea, while the Anthropoidea 




Km.. 12'. .law* of American Koeurio PrimaUas, etc.. nHtunil ni/.c. 

A. Pctffi-i*/,-* fi-f-j, family Xothurctidir, order Primate*. 
ft. Hv.)»(»t«i probably un Insectivnrc. 

f. .<-i<i / .«f)rfin»;>/-i'/ ohihIih, anatogotia to Tnr$i,:». 

IK Mia-otfop* family MUodectidw. one ..f the No-called " Pro^Hre*. x J . 

radiate from tritubereuly into quadritubereuly, and into crested forms. 
Oshorn's recent revision 1 of the American Eocene Primates proves 
that the molars exhibit a fundamentally triangular pattern in every 
one of the twenty-two or more known species. The various types 
exhibit a familiar succession of stages from a more triangular condition 
with an extremely rudimentary hypocone, to a quadrate, sexitubercular 

' Hull. Anur. Af,,,. Xat. Hist., Vol. XVI.. 1902. pp. 169-214. 
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condition, stages which have already been treated in the evolution of 
the human molar teeth (pp. .">0, .'.."»). 

The special characters of this evolution were brought out in the 
same paper. An interesting feature of some of these American 
Eocene monkeys is that some of them pass from a tritultercular into 
a quadri- and finally into a sex i tubercular condition, with a prominent 




Ki<.. IS8. Su]»crior molar* of (A) A>iapi$ i*. <>."'>". a lemuroid from the Koocne of France; 
(H) H>«ii>u*lt>' 1'int, an InHectivorc (•) from the Kocene of North Ainorieii ; and (C) IfolKeTtilU 
■p., a Primate, from the Et>cono of North America; all three apparently derived from the name 
tritubercuUr jrround plan, by Uie iipjrmwth of the hypocone. A and B, x y. 

hypoeone and large intermediate tubercles, closely homoplastic with 
the grinding teeth of primitive I'ngulates (Figs. 132, 149). Similarly 
the premolars progress by the addition of internal cusps. 

The normal dentition of man is beautifully illustrated in Kigs. 1 and 
134, p. 161, taken from Sclenka's admirable monograph. 1 In modifying 
his figure (Fig. 1) we have expressed the tritubercular homologies on 
one side of the jaw and the embryonic order of evolution of the cusps 
in numerals on the opposite side. In this connection reference may lie 




Flu. 12*. Skull and dentition <.f a Lower Eocene (Wa*ateh) Primate Aimi>to.»orph»t 
hoiMIJMKftM, with tritubcrculur upper molars. Partially reconxtnu ted. The premaxillary portion 
of thi' .skull is wanting, x J. 

made to the discussions of the relative value of embrvological and 
pala-ontological evidence on pp. 49, 214. 

Certain peculiar variations of the human molar teeth may be referred 
to here which are often described by anthropologists as anomalies, but 
which really are either homogenetic or homoplastic with cusps well 
known in the lower mammalia. 

Protostyh or tnht renins tnwrnafus. On the anterior side of the 
protocone in the upper molars we have observed in many of the lower 
mammals, especially in the I'eriptychida- (Prrijtfi/cfn'8, BciOC&nux, 

1 Aft it»rhr>iajT> a, Wiesbaden, 1900. 
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Fig. 137), that a special cusp is developed, t<> which we have given 
the name protostylc, from its proximity to the protocol ic 

From a recent paper hy P. Adloff 1 we learn that this was originally 
designated by Carabelli as occasionally occurring in the human molars, 




-,' -' >< n ,t : 




Fir.. ISO, Upper (A) and lower (A 1 , A-) teeth of AnaptoawrpklU kemutie»hu. (Cf. KlK- 1 '-*»•.) 
The upper teeth are tritiihercnUr, in the lower teeth the paractmid U »e«n to be much 
reduced, x }. 

and hence named by him tnhercvlvs anomalus. BatujeflF regarded this 
as a progressive structure, pointing out (1) that the tuberculus anomalus, 
while most frequently found on the first upper molar, is also occasionally 
found on the second and third molars; (2) that it is more frequently 




r I I • -' -t ') 



Fm.. 131. Origin of the hypoconu from the clugulutii, :w shown in /,,<i,t»i„,, malari», a Banal 
Koccno (Torrejon) Primate (!) of uncertain rehttionahlp. x J. 

observed in higher races than in lower races, to which Adlott adds, 
(3) that among recent and extinct anthropoid apes the tuberculus 
anomalus is certainly not present. 

Adlott' in this connection calls attention to the anomalous detach- 
ment of cusp components of the human molar crown as evidence of 

1 "Zur Ktage mich der Entstehung <ler heutigen •Satigethierzsaliiiformeii," Ztit*chrift /. 
Morpkologit u. Anthropofcgie, IM. V., pp. 357-3M. 
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a process the reverse of concrescence. He concludes (p. 379), that 
as each tooth has primitively sprung by concrescence of cusps derived 
from successive dentitions, so in incipient retrogression these cusps 
break apart again into their original components. 





c. p.2 p. 3 p',4 ni.l ni .2 m.3 



Fin. 13.. Evolution of the upt>er molara in the Notharctida\ a family of American Eocene 
Primate*. A, /\7*f<«/n* /,-«;/». wk*, Wamtcli Formation (Lower Eocene), the teeth allowing clear 
trace* of tritubcrculy. B, SoUntf«t%U numtnw, Waaateh Formation, p* and jj.'-wi : ' more quadrate. 
l\ Xolharttus »p., Bridger Formation (Middle Eocene), p* quadrate, with two external ctupn-. 
m1.mJ liiiye, with well-developed meaostyle (m»)t x *. 



? 




fl.3 pA m.l m.2 m.3 

Fio. 133. .Sotharrtut gp., Hridtfcr Formation, Middle Eocene. Crown view, lower teeth, 
•bowing the loss of the paraconid in w,-m„ enlargement of the poatero-intcrual cuap or 
entoconid. > j. 

Apart from this new evidence for the concrescence theory, to 
which we do not feel aide to attach much weight, the question of the 
existence of the progressive evolution of the ' Lul»erculus anoinalus ' or 
protostvle in the human teeth is especially interesting, as another 
instance of homoplasy, or the independent evolution of an apparently 
homologous cusp in different orders (see p. 236). 
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Fir.. 134. Normal, ideal, human (CiiucasiaiOdcntitton, Uised upon a jihoto^miih of a specimen, 
modified after several other specimens. From Selenka, aftor tiitne. Traces of trituborculy .in- 
evident in the upper molars ; the lower molar* have lo«t the naracouid. The crowns of the 
teeth arc bluntly tubcreulatc, in adaptation to omnivorous diet, x |. 
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Fio. 13."j. I>«j»«nim allowing t\]>k-al !n<Klificatinn» ,.f tin- ti ituUrciiliir inittcm in 

IfofulatM (cf. Fig. 43). 
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Sipek-okdek Ungulate. 
SPEC/ A L KEFE/tEXCES. 

fhtding tcttft the teeth <>f Ungulates from the tritubercular standpoint. 

Schlosser, M., "Beitrage zur Keuntniss der Stammcsgeschichtc der Hufthiere und 
Versuch einer Systematik der Paar- unci Unpaarhufer,'" Morphol. Jahrb., 12, Taf. V., 
VI. (see especially the 44 Allegemeiner Theil. Das Obiss der Periwwdaetylen und 
Artiodactylen und seine Be/.iehungen /.u dem der Condylarthra." pp. 97-11-2)1 

"Die Differenzierung den Saugetiergebisses," /hot. Crntrtdbl, lid. X., Nr. 8, 18!)0 
(especially pp. 247-2">0). 

Osborn, II. F., Aiitea, pp. 



Ftu irk 130. 

No. I. " Sexitubercular " superior and 41 quinquetubercular" inferior molar of f/yra- 
cotherium (Eocene ancestor of the Horse), showing in the upper molar six 
main cusps, a paras tyle developing from the cingulum, and an encircling 
ciugiilum, continuous in the lower molar with the hypoconulid. The para- 
conid of the lower molar is vestigial or wanting. The crown is low 
(" brachyodont") with low, conic cusps ( 44 bunodont "). 

•2. Sujierior molars of Pantotambda (Eocene Amblypod). The triangular pattern 
of the crown haa been retained, the protocols remaining central in posi- 
tion ; the outer cusps have become creseentic (" adenoid "), the jiarastyle 
(ps) is extremely large (Fig. 14*)). 

3. Three stages in the degeneration of the paracouid seen in the lower molars of 

Amblypoda (Fig. 144). 

4. Superior and inferior molars of A. Systemodon (Eocene tapiroid) and 11. 

Tapirii*. The parastyle is seen developing from the cingulum, the inter- 
mediates (pi., ml.) are conspiring with the outer and inner cusps to form 
the 44 ectolonh," 44 protoloph," and 44 metaloph" (cf. 8) of the modern Tapir 
(//). In the lower molars the |>araconid is vestigial or absent. 

fi. 41 Lophodont " type. Primitive Khocerotoid molar (ffyrwhyus) showing com- 
pleted "protoloph," " metaloph," 44 ectoloph." 

6. " Lophoilont " type. Modern Rhinoceros molar showing accessory folds, 

44 antecroehet," 44 crista," 44 crochet." 

7. 44 Bunoselenodont " type. Primitive Titanothere (I'afvosyops). Internal 

cusps 4 'bunoid," external 41 selenoid. ' 

8. 44 LophoseleiHKlont " type. Primitive (Eocene) Horse, Eohippus. Traces of 

the original triangular pattern of the crown are still discernible. 

9. 44 Lophoselenodoiit type." Primitive Horse (Pachynolophn*. The 44 inter- 

mediate collides" (pi , ml.) will become crenulate and with the ectoloph, 
and the hyjiostyle, will produce the complex crown pattern of the modern 
Horse. 

10. A. rpper molar of Ai<chttl«-ri>r„i, B. Lower molar of Aferyrhippus, Miocene 

horses (cf. Fig. 100). 

11. "Seleiiodont" Artiodactyl type (Protnceras). All cusps crescentic 

12. Ground plan of molars in various Ungulate sub-orders. A. Condylarthra (0 

(Afenisiotherium), D. Amblypoda (Periptyehus), C. Perissodaetyla (llyraco- 
therium), I). Condylarthra (Phcnarodus). 
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Amblypoha. 

The indisputably triangular and tritul>ercular nature of the molars 
of the primitve Aniblypoda is demonstrated in the accompanying 
figures (Figs 1M7-146) of several of the lower Eocene types. 1 All 
of these teeth bear a close general resemblance to the tiitubercular 




Flo. 136. Lower tooth of Retoeonu* .HtrujonuA, a llawil Eocene (Pucrco), relative of P<ript;chtu. 
Comoro the lower molars of Euproto>toHin (Fig. HS>) and Pn>tf»ro,<o<!on (Pig. 14*) among the 
Condylarthra. x J. 

molars of Creodonts. The peculiar ami distinctive feature of the 
evolution of the upper molar teeth in the Aniblypoda is that they 
do not pass into a ijiiadrituhorcular 01 quadrangular stage by the 
forward shifting of the protocone and upgrowth of the hypocone, like 
all the other Ungulates, but develop special types of bunodont, 
selenodont, and lophodont molars out of the primitive triangle. 




Flo. 137. Upper and lower teeth of ;i primitive Ambly|H»d, /'« t-ijitwrhus rhtMuto.i, from the 
l'uereo Formation. Stage I. liasal Eocene, x j. The upj>er molars are clearly derived from 
the tritubereular type, the lower from the tubereulo-sectorial type. The upper molars develop 
it proto»tyle (>•«'), the protocone remaining central in position. (Contrast Phtnacwlui, Fig. 150). 
The bluutly cuspidate crowns ap|.arcntly indicate an omnivorous-herbivorous habit. 



In some forms (o/. Pniph/ch n.\, Fig. 137, Ectwonm, Fig. 13G, 
Crmncoffon, Fig. 139) the cusps remain bunoid. 

In other basal Eocene forms (PantofafnheUt, Fig. 140) the cusps 
become crescentic or selenoid, reminding us strongly of the teeth of 
some Insectivora (for example, Promt/ops, Fig. 73) on a large scale. 

'[According U) Matthew these primitive types belong to the group which gave rise to 
the typical Condylarths and Amblypod*, hut are much more primitive than the typical 
Ambfypods, and cannot be ordinally separated from the Condylarthra.— Ei>. ] 
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Fig. 13!«. Upi>cr and lower teeth of OMaadm tntoconu*, a Banal Bocene (Pucreo) relative of 
I'triptvrhun. > Observe the reduction of the paraconid in the lower molti - correlated with 
the development of the hvpoeoue from the banal cingulum of the upper rooUre. The upper 
molars remain trttubcreular, although the DVOUMMM i* somewhat pushed forward. (Cf. 
Ph'tuicn-iu*). The cusp marked „i*i in the hypoconulld. 




Km. HO. Primitive Amblypod, PtintolitiuMn cnciriiin*, from tho Torrcjou Formation. Stage 
II. Bitaal Kocene. A. Superior molars ; H. Diagram of same ; C, Inferior grinders ; D. Mandible. 
OliM-rve the centnd position of tho protocone an in all tho Amblypoda, tho crcscentic cutting 
niiHlincation of the para- and metacones, the xtrong development of the para-, mcso-, and nieta- 
stylea. In the lower molar*, the |>amconid is reduced and there is a tendency to form two sharp 
ridges, tho first from the protocoled and metaconid, the second from the hypocontd and ento- 
conid. (Cf. Voru^.io,', Fig. HI.) 
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Out of this three-crescent type the crested or lophoid tyjie of 
Coryphorfoii (Figs. 141, 143) ami Uinlathcrium (Fig. 142) have evolved, 
as partially discussed on page f*7. As shown in Figs. 140, 141. 144. 
145. 146 the fairer molars of Ciiittithevium are closely linked to those of 
C'oryjthotfoH and PaiifoIamMa through the genus Batln/opsis (Fig. 144- 1 4(3 >. 




Kk.. HI. Left upj»cr and right lower teeth of CWvpliainn t.nl-*, i\ hornlexn Amblypod froin 
the Wasatch Formation, Lower Koccne. Ah compared with the molars e»|>ccUlly »«»," of Panto- 
tmmUn (Fig. 1 10), observe the great development of the ridge from the protocone to the purastyle 
•rprotoloph), the posterior displacement of the paracolic, the reduction of the mesostyle, the 
reduction of the posterior limb of the V formed by the mctacon* In the lower molar* observe 
the heightening of the anterior and posterior ridges, x j. 




Flo, 142. J. Second upper molar of I', ninth, from the Biidgcr Formation, Middle 
Koccuc. H. Diagram of same. A» compared with the molar* ..f Corvpl.otlon (Fig. HI)obser»e 
that the ectoloph has apparently been rotate.! posteriorly urouud the mctacone im an axis, while 
the mefcicone itself ha. approached the protocone, with the final result that the protoloph and 
ectoloph diverge toward the external side ot the tooth. X |. 

which is strictly intermediate in its mandible and inferior molars, and 
thus supports the view that the upjtrr molars also of Uintathrrium 
have passed through stages represented in a general way by Pantulamh/a 
and (Wyphothu. The steps in this evolution are the most com- 
plicated and difficult to understand, especially the rotation of the 
ectoloph, a feature which is less positively demonstrated than the 
other features of this exceptional evolution. 

SPEi 7. 1 /, li KFKRENt ES. 

<>nWn, H. F., "Evolution of the Aiublvpotln, Pt, I , Tali<jrcula and PanUxlouU." 
n»U. Amer. M\U. Nat. Hist., Vol. \\, 18!J8, pp. 1(59-218. 
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Uintatherium. 

protect** h/pccomit 




Pantolambda. 

Fi<;. 144. Evolution of the lower ruolun in the Amblypoda. Crown view. 
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Batkyopsti. . 



P! 0 ■»«* 




ParttalamMa. 

Fin. 145. Evolution of the lower niolant of Atnblypodu. Internal view. 




Flu. 14'.. Lower teeth ( . ^) and mandible ( x \) of B>\lUnop*.' f*nd*.>t, :tn Aintily|>od from the 
Wind Rtver Formation, Stage 11., \mvskx Eocene. In the structure of its lower mobrs thin animal 
U more like r.,<f<.^, Wi-m than Co,yi>/.m(o». (Cf. Fitf. 144.) 



(A)NDY LA IITII 1% A. 

These I'ngulates are eon tern porary with the Amblypoda, but 
unlike them their molar teeth evolve from tritulierculy into quadri- 
tubereuly. 

The proof of the trituhereular ancestry of these oldest and most 
generalized hoofed animals is furnished by the oldest form Protoflono- 
<hn (Fij/;. 148) and by the diminutive predecessor of Phniaeothui, the 
species Eiij>roti>ffoni<i mi nor (Fig. lol); in this species the crown 
is still triangular, but the hypocone is seen developing on the second 
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Fio. 147. Upper mil lower teeth of Minrlnnu* lunjidun, a primitive Condylarth (?) (family 
Mioc hen idie), from the Torrejon Formation, St ige II., Basal Eocene. Note the loss of the para- 
eouid iu the lower molars, the bluntly rounded character of the cusps of the upper molars, x J . 
Possibly an Insectlvorc. (Cf. //.vo/«**/m*, Fig. 7S.) From Osborn and Earle. 





; , s * 1 * ^ 

Fio. 148. Upper molars, lower jaw and superior view of lower teeth of P<r>U>;mnodrm prntacn*. 
■ very iirimitive Condylarth possibly ancestral to the Phenacoiloutida;, from the Puerco Formation. 
Stage I., Basal Eoceue. (Cf. Figs. 147-K.l). This animal was apparently intermediate between 
the Crwdonta and the Condylarthra. (Cf. Figs. S4, 14'.'.) x j. After Osborn and Earle. 




dA j 2 



Fiti. 149. Upper and lower teeth of h'uprotorionia pwrernnt, from the Torrejon Formation, 
Stage II., Basal Eocene, a Condylarth more primitive than PhoinrodM (Fig. 150). x |. After 
Inborn and Earle. 
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superior molar (A, nr), and in the lower molars (C, m u wi 2 ) the 
paraconiil still persists. Tlie intermediate cusps or conules in the 
upj>er molars are well developed. 




Via. 150. (Left hand figure). Upper and lower molar* of Euprolovottia putntluU, from the 
Ihuutl Eocene (Torrejori) representing the ancestral niobir patterns of Ph, ,t*rt»lu* )rrir«n,;>* (right 
hand figures) from the I^owcr Kocenc (WlUMteb). 

Various species of !'rot<Hjumnlon. fiiijimtngouin and Phfinmnhm thus 
exhibit beautifully the evolution into the sexitubereular, bunodont 
superior molar crown, out of which the upper molars of all the 
higher hooted animals have evolved, the crown passing from the more 




« '.'38' 

I 

ml j mj 

i 

«.# K.1 if. 4 

Fin. 151. Upper and lower molars of Kuprntmronin minor, a -n, ill Pheiiacodont Cotidylarth 
from the Torrejon Kormutiou. Stnu II., Basal Kocene, showing traces of tritulicreuly combined 
with |»l<mn— ll<l upgrowth of the baaal citigulum, intermediate cuspules and hy|s»cone in the 
upper molar*, and with the reduction of the piraconid in the lower molars, x J. 

triangular into the more quadrate form. Similarly, the lower molars 
lose the paraconid but retain the hypoconulid. 

SPEl '/. I L REFERENCES. 

Schlosser, M., " Beit rage z\ir Kenntniss der Stainmesgeschichte tier Hufthiere 
mid Versiieh einer Systeniatik der Paar- und Unpaarhnfer," Morphol. Jahrb. 12, 
Taf. V., VI. See especially pp. 97-112. 

Matthew, W. I)., "A Revision of the Puerco Fauna," Bull. Amer. Mint. Nat. 
Hist., Vol. IX., 1897. Especially pp. 293-320 
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A RTIODA< TV I. A. 

Of this even-toed <;roup of hoofed mammals the most ancient 
representative is found in the lower Kocene or Wasatch heds. It is 



m.S m.2 m.l I p .4 




*p tif A if <"* 




Kk.. \l<±. Lower tooth of Tr.itonoiftOt n very primitive Artiodaetyl from the Waaatch Korum- 
tiou, Lower Eocene. 

A. TriyonoUitts chocnm, paraconid xniall hut distinct. xj. B. T'ipon»U*h * mtUmew, 
juruconid reduced, x |. V. Tri>nti>ottit- s ttmoirvi, paraconid vestigial or absent, all cusp* low 
;md rcuinied. X 5, 




Fi<i. 153. A quadritnherculfir to hilophodout Peccary, PlttfftftotUU btattotref**, family IMco'y- 
lida\ from the Blanco Bed*. Pliocene, of Texas. > j. After (iidley. The incipient bdophodont 
condition* ia aeon in Dtcniyi, « mid even amount Baboons (f'ymto phali'*), 

the little species Trigonolcsta chacrtisis (Fig. 152) of the Wasatch, which 
is undoubtedly an Artiodaetyl, m shown by the associated astragalus. 

* [The more or less completely bilophodont type has l>een secondarily <leveloped 
independently in many other families. Among Artiodactyla we also have Li*trio*/on 
(Suida?), Tajriridus ( Anoplotherikke) ; among I'erissodactyla, the Tapirida?, not to mention 
the early Etpukke and the llhiuocerotida-, Lophiodontidte in which the anterior and posterior 
crests are connected by the high external cusps or crest. Among the I'roboBciilea we have 
especially Dinotheriida- and Palir-omaxtodon ; among I'yrotheria, Pyrofhnium ; in certain 
other Ungulates, f.if. Uinfutherium, A r.shuiitheriitm, the bilophodonty is not strictly typical. 
Among Sirenia we have Maiiatu* ; among Marsupials, the Kangaroo and Diprotodon. Even 
certain Theriodont reptiles {TrirarhoHou) developed a transverse crest in each molar 
and the whole series of cheek teeth was thus functionally analogous to a bilophodont 
dentition. — En. ] 
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As the name indicates, the upper molars are triangular; the inferior 
initial's exhibit a well defined trigonid, with the paraconid reduced hut 
still distinct, in fact the teeth are almost tuberculo-sectorial. Comparison 
of a series of lower molar teeth of species belonging to this genus 
(T. mdsiacus, T. dmyicvs) show a progressive degeneration of the 
paraconid, depression of the trigonid, and elevation of the talonid ; 
in other words, the development of a bunodont crown (Fig. 152). 




Flo. 151. 1'|ijm.t and lower cheek teeth of B>< Mnutiyx *tt;iti.i*, from the I'inta Formation 
(Upper Eocene), a small litinosclcnodont Arttodactyl. Note the crcseentic outer cusp*, the large 
eiviuwutlc intermediate* .-</.), cs|iecially the very large metacentric wliieh is preoccupying the 
position u»ually assumed by the hypocone, which here remain* minute (Aw), x { . After WOrtUMU. 




Flo. 155. Upper molar-* of Anthittrothi riuu, l<n> a buuoMclenodout Artiodactyl from the 
Protocenut Beds. Upper Oligocene, showing the greatly enlarged metaoonule. which taken the 
place of a hjrpocone. (Cf. Bu.»/mo-».e, Fig. 154.) x |. 




Fir.. 15+;. Principal type* of molars among Artiodactyls. 

A. 0WK«f«»t. All cusps conic. K samples Primitive Suilliues (Elotherium, Peccaries, etc.). 

B. Burto* Unodoni. outer cusp* only eresrentie, inner cusps eoni.. or suhcrcacentic. Example. 
Anthracutheiea (A MCmfl'«X 

('. Stt' ihhIo.iI. All cusps ereseeutic. Examples, M> fnfafttttantu*, I>eer. Antelope*. Camels. 
In Cthe cusp marked Uy appears to be the enlarged metaeonulc. (Cf. Figs. 164, 15 . ) 

In the Hocene Htlohym the molars are fully bunodont, that is, 
with low, rounded cusps: the paraconid is extremely minute. The 
series also shows the progressive mobilization of the premolars and 
lends support to the theory that the molar pattern was originally 
triangular, and .sharply differentiated from the premolar pattern, and 
that tin* premolars an* Itccoming molariforiii by adding the cusps in 
a diflerent order from that of the molars (see pp. 104, 105). 
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Among the Oligoeene Suilline or Tig-like Artiodactyls we find in 
Lrptocha-rtts (Fig. 157) persistent tri tubercular molars which were 
mistakenly referred to the Primates. 

Thus we have the most direct evidence of tritnbercnlar ancestry 
among the Artiodactyls, in which the bunoselenodont, and finally the 
purely selenodont tyjies were evolved.* 




Fiy. 1'iT. U|i|i«r check teeth <if /. /jf'tc/ioru* ;/r<tcUi*, a very primitive Artiodactyl retaining 
tribibcronlai nmlars, from the Oreodon Bcd», Middle Oligoeene. ■- j. After Marsh. 

Another line of evolution is by the formation of transverse crests 
sometimes formiug a hilophodont crown as in Plnh/f/ontts, a Pliocene 
Peccary (Fig. 153). 

In the bunodont type of Hlothni urn (Fig. 156 A) the upper molars 
show the protocone, paracolic, metacone and hypocone, and the inter- 




Fir;. l.'iS. l'm«er and lower check teeth of Diehohuv li)*,ri,ntM, a primitive Anoplotheribl 
from the L'pjwr Koccno of France, retaining conic cuttpn in the molars, (('f. Figs. U7, 157). 
About twirc natiir.il ni«,\ The pretnoUin arc laterally compressed as in Kocene Camelidie, 
Oreodontidw rrotoeeratlda*, etc The ciilurgcd mctacounlc and the small hy|K»coiie (cf. Fig. l&O 
is well shown. The upi>er teeth belong to J he milk Hot, the lower to the permanent net. 



mediate conules ( ml). The lower molars, however, have already lost 
the paraconid. In all Artiodactyls the metaeonule is very large, often 
replacing completely the cingulum-hypocone (Figs. 154, 155). 

SPKCIA L REFERENCES. 

Schlosser, M., " Beit rage zur Kenntniss der Staminesgesciiichte tier Hufthieie 
und Versucli einer Systematik der Paar- und L'npaarhufer," Morphol. Jahrb. 12. 
See especially pp. 07-112. 

* [It is an interesting fact that the raaiu internal cusps (pr) of the upper molars and the 
external cusps of the lower molars of the most ancient Artiodactyla were not perfectly round 
or buuoid as commonly supposed, hut subcrescentic, as in the most ancient Pcrissodactylu 
(e.g. Lambdotherium, Eohippu*), Condylarthra ( Proi/xjonodon), Amblypoda (Htmithl&ti*, 
Gonarodon, Pantofarnhda), Primates \lndrodon), Creodonts {Oxyctttnidt), Insectivores 
{fclop*, DryoltMtA). The purely bunoid or round cusped condition is probably secondary, 
like the perfected crescentic condition. — Kn.] 
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PEKISSOlUCTYl.A. 

The probably tri tubercular origin of the molar teeth of the odd -toed 
Ungulates or l'erissodaetyla has lieeu discussed in the ease of horses, 
rhinoceroses, and tapirs on pp. 72, 75, 85-87. The key to the 



protxomi h/pocenid 




-hp-poennuflj 



Fi<: 1V.». Upper and lower molar of HgrtUttktl i«m levarinuni from the London Clay (-Spar- 
nat-ieii) Ivower Kocene, showing the fundamental ancestral pattern of the Perisaodactyl molars, 
i.e. Upper molar* with four well rounded cusps and two small conulei, the rudiment* of the proto- 
and raetaloph, lower molars with four mnlu cusps, lacking the pamconid. and with au incipient 



hypoconulid. The hypocone and melaconulc are apiiarently twin cusps, the hypoconc not beinir 
derived from the tingulum. *\. After Owen. 



prototo, 




Klu 100. The Secondary cusps of an Ungulate Molar. A. A nekltkttium, up|«er. B. May 
<),, pint; lower. The Primary cusp* are indicated by abbreviations. 



origin of the primitive sexitubereular superior molai-s, from which the 
elaborate pattern of all these teeth were evolved, is to he found not 
only among the Condylartlira (pp. 108-170), hut also in the study of 
the various types of teeth in the horses themselves. From this sexi- 
tubereular type the crown evolves by a bunoid, lophoid, or selenoid 
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modelling of the cusps. In the Titanotheres, for example (Figs. 107- 
171), the protocone and hypocone remain hunokl. the paracone and 
metacone have become selenoid, and the small ridges formed by the 




a h c n c 




Fi«j. 101. Evolution of the upper molars in the Kqtiidte. h'. after Kowalevsky. The 
series figured is not a phylugenetic one, since animals belonging to several difTerent lines of 
descent are represented; hut it is a morphological series and (with Figs. 102-104) shows the 
principal successive stages of molar evolution in the Kquidi*. All figure* natural size. 

A. Ujrraeotktriuvn, Lower Eocene. 

li. Pachynotofthu*, Middle Eocene. Note /u, im, and crescentic /ta, int. 
C. Anchilophu*, Ix)wer Oligocone. Note m/< and hypostyle /•». 
P. MrAokij>i>uA, Middle Oligemia 
S. Anckitlxriixm, Ix>wer Miocene. 

proto- and metaconules have become vestigial, the crown thus consisting 
of two outer crescents and two inner cones : but even in this specialized 
crown traces of the primitive triangular arrangement of three primary 
cusps remain. In the little Lambftothrrium (Fig. 107) we have a 




crochet A aitecrochet 



Fii.. 108. Upper milk molar of M> <>/>«<•" *!»• from the l*piier Miocene, showing the 
completed ground plan of the molar pattern of the modern Horse. (Cf. Fig*. 100, 101.) x j . 



perissodactvl (probably an ancestral Titanothere), in which the trituber- 
cular derivation of the molars is indisputable. In these teeth among 
the horses, the styles and intermediate conules (pi, ml) play an important 
role (p. 85). The key to the evolution of the teeth of the horses as 
compared with that of the Titanotheres is given in Figs. 135, 159, 
100. The type attained is lophu-selenodont. 
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Flo. MS. Cit«iw. Crests, Styles, Crochets, and Fo«settc» in t he luolar teeth of the Horse. 
Tlie specimens figured belong to » North American Pleistocene species, A7KIU complieatu*. 

A. Unworn crown. 

H-lK Successive stage* of wear. All figures natural size. 

The Tapiridte, as shown in Fi^s. 172-174. develop a snh-lophodont 
dent it ion. t he protoloph and inetaloph hcin^ well developed, while the 
ectoloph (Iocs not form a completely united crest. 

In the Uhinocerotida- we have the extreme lophokl evolution, in 
which the crown consists of the completed proto-, meta-, and ectolophs 
(Figa 175-182). 
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Fmj. 164. Evolution of the lower molar* in the EquidtB. Morpl.olotrwl not phylogeii'tir. 
(OT. Fig. Ml.) 

A. Hyrn(t>thri-iuw, Ixjwer Eocene. 

B. Pitehf/nolophus, Middle Eocene. Note appearance of metastylid (mrf) by fissure of the 



D. MfoJiippu*, Middle Otlgocene. Note appearance of entostylld. (Marked ...-■■<). 
If. Hipparion, Pliocene. Note great expansion and posterior fold of the tnetaconid (m<< 
.njrf), protostylld (p$*), endostylid (<■*«*). Worn tooth. 

F. S<{uu*. All figure- n itural size. Worn. 




Flo. 1«V>. Premolar Terminology, proposed by .Scott and adopted in thin volume. Primitive Un- 
gulate Typos. Fourth npper premolar and first molar of A. k'»pratopo»'«, and B. Hyratothtriv.m. 

Through all these higher stages the homologies with the primitive 
tritubereiilar crowns can readily be traced. 

SPECIAL REFERENCES. 

Hatcher, J. B., "Recent and Fossil Tapirs," Amer. Jour. S<i. (4X Vol. L, 1896, 
pp. Ml- 180. 

Wortiuan, J. L., and Earle, Charles, " Ancestor* of the Tapir from the Lower 
Miocene of Dakota," Bull. Amer. Mus. A at, I/ist., Vol. V., 1893, pp. lf>9-180. 

"Species of Hvracotherium and allied Perissodactvls from the Wahsatch and 
Wind River Beds "of North America," Bull. Amer. Afui A'at. Hist., Vol. VIII., 1896, 
pp. 82-110, pi. II. 

Osborn. H. F.. "The Extinct Rhinoceroses," Mem. Amer. Mu*. Xut. Hist., Vol. I., 
1898, pp. 75-164. 

Schlosser, M., " Be it rage zur Kenntniss der Stamniesgeschiehte <ler Hufthiere und 
Versnch einer Svstematik der Paar- nnd Un|>aarhufer," Afnrphol. Jahrb. 12. Especially 
pp. 97-112. 
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Fni. 1«50. Upper and lower cheek teeth <>( several Lower Eocene E>piidic. All • J. 

Firtt or .</»;.. ,• imii,.. I'ppcr check teeth of Ec,l,i)>j,vt {Pratoroltijiyiut) raticeJut, Wind Kiver 
Formation, Lower Eoeeuc, Stage II. Side view. 

Sftvndjtgvrf. Crown \iew of the same. 

TkM fiffure. Lower cheek teeth of Eohippu* rrittutut, Wasatch Formation, Lower Emetic, 
Sta«e I. 

F->urtli (hur. ). Lower teeth of Eohtjifu* iivUr, \Va>atch Formation, I^ower Eocene. 

All figure* natural size. After Wort moil. 

observe ; (1) The general similarity in the molar pattern to that of the Eocene Tapiridw, as 
shown in the development i>f two transverse ridges In the upper and lower teeth, a feature 
destined t<> Ik' emphasized in the Tapirida- but highly modified in the Equidtt*. (Cf. Figs. IfiO- 
lt'.4, 1T2-1T4.) ('_') The incipient charact. r of the mcsostyle (.-.».), and the apt>carancc of the 
hvpostyle (l<».) in ml-xe'. (:t) The complication of the fourth premolar p», by the development 
ot a protoloph from the protoeonule and deuteroconc, and • <f a small metaloph from the 
met iconulc, whereas in p-" 1 , the protoloph i» developed from the protoeonule only, the meta- 
loph from the deuterocoue. (4) In the lower molars note (1) the molarization of /«.. (2) the 
development of an obli.nie cre*t running from the hypn-. nid to the tuctacouid, (3) the 

faintly Incipient twinning of the metae- nid ; all three features Uing progressively developed In 
the later Home*. 




the subcrcscentic character of the protocone, the continuity of the metacoiiule with the hypocoue. 





Flo. 1*8. Lower jaw and teeth of / Moth- rium popo&uieutu (cf. Fig. 167). Tho inferior 

molars retain a vestige of the paraconid, the fourth premolar is becoming molartform. X 




Pig. 160. Lower pretuulars of nn undescribed i»i>ccica of the family Titanothcriidw, Dinta Formation, 
Upper Eocene, showing progressive (notarization of />i-j*4- x j. 




Fio. 170. Upper milk molars -<//>*, und first permanent molar of a primitive Middle 
Eocene Titanothere (Pnlaott/opi mtkjor). The external cusp* are becoming crcscuutic, producing a 
bunosolenodont type, the primitively triangular arrangement of the three main cusp* i» still 
evident. Tbo fourth milk molar is seen to be closely similar to the first permanent molar. The 
cusps of the milk molar are lettered in accordance with Scott's premolar nomenclature (sec pages 
195-200), but it U probable that the cusp marked U in <i)P corresponds to the postero-internal 
cusp of and the antcro-intemal cusp (<fr) of dp*, as in the Equidw (cf. Fig. 166). Unlike the 
Equidw tho Titanotheres have greatly reduced the proto- aud metacomtles of the molars, x \, 




Fio. 171. Upper dentition of a «|>ecialiced Oligoccne Titanothere (BronloUurium tichoctnu). 
The molars are now quadrate, the outer cusps sharply V-shnpcd. x \. 




Flo. 172. A. Upj-cr and lower molar of a Lower Eocene (Wasatch) Taplroid Syrteinodon 

ttmihknu (I) 

B. Upi>er molar of a recent Tapir Taptnu (MWrfoMW. showing the completed bllophodont 




Fio. ITS. Bunolophodont teeth of a primitive Tnpiroid ($v$trmodon m iwwnu\ from the 
Waaatch Formation, Lower Eocene. Obaerve the general similarity in i»attero to the teeth of 
contemporary Equldw (Fig. IW>) combined with a stronger development of the nrotoloph 
and metalopb, a greater obliquity of the tooth an a whole, and a somewhat moie central position 
and larger aire of the paracone. x | , After Wortman. 




A 

Fio. 174. Evolution of the premolars in Pntupirv* and Tapir**. After Wortman and Earle. 

A. Protapirtu H,»i>lrs. Orcodon Hcds, Middle OHiroceuc. 

B. ProtnpiniM oUi'iuiil- iu. Protoeer.is Beds, Upper Ollgocenc. 
C Tapirut avieriennut. 

In A, premolars 1-4 arc all comparatively simple and there is no metaloph. 

In B, the internal cusp (deuterocone) of /.■•has split into two and there is an Imperfect 
motaloph. 

InfC, p? - p* are fully molariform. x j . After Wortman and Karlo. 
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Flu. 17 J. Typical Rhinoceros molar, showing terminology o( the crests and fold*. 




Km. 176. Topographic relation* of tho p.irts of the typical Rhinoceros moUr pattern to the 

soxitiibercular ancestral ground plan. 




Tapirold. Lophiodont. Rhlnocerotoid. 

(f>rotapiru,\ (LojikioJon). (Hyrachyu*). 

Flu. 177. Typical lophodont molara of Periaaodactyls. 
In the Taplroid type the paracone and metacone are aubequal or symmetrical, strongly convex 
externally. In tho Rhinocerotoid type, the poraconc is more or lea* convex, the metacone 
elongate, externally flattened to concave. The Lophiodont type la intermediate. It is noteworthy 
that in the Middle Koccno or Hridger Stage, the molara of the various Perissodactyls are 
rather similar. Thus some molars of the Tapirid Svtrinodon approach the Protarohippu* type 
among Kqutdie, some molars of the Lophiodont HtM'U* approach tho Hymchyu* type j while the 
latest representatives of Hyrnchyvt show some approach toward the Hyracodon typo among 
Rhinoceroses. 
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Flo. 178. Superior molar pattern of a primitive Hyracodont Rhinoceros HyrarhyuA nirrtiriu* 
from the Rridger Formation, Middle Eocene, showing a general resemblance to the Lophiodont 
ty|>c, from which this differs in the smaller paracone and flatter mctacoue. Tlie crtnta as in 
Rhinoceroses generally i* merely a portion of the internal face of the paracone (cf. Fig. 176). 





c n 

Fio. 179. Motorization of the fourth upper premolar in Qmapvi oecidfnlatitf a Rhinoceros 
from the Oreodon Beds. Middle Uligocenc as shown in four Mpt-chudi* from Miccosive geological 
levels. In A, the protoloph is imperfect, the mitaloph irregular, in /> the pn-toloph i* complete, 
the metaloph fairly well developed. U and ( are more or 1cm intermediate. 
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Fio. 180. 
llyracodontlda;, 



dtultrocont- UUctOCOnt 

in Hsrach'iutjci'jriiriu*, family 




Fio. LSI. Four stage* in the evolution of tbc mul.it •« in the Khinocen>so*. After (iaudry. 

A. Ar- mlhtrium Untune**, Upper Oligocene, Europe. 

B. Rhinocoo* iMf-hy'/natlm*, Lower Pliocene, Kuropo. 
C kliinuoro»anli<inUatit, Pleistocene, Europe, 

D. RUitmothtriv.ut gitttrieHm, Pleistocene, Europe. After Gaudry and Uoule. 

We note (1) the procreation from bruchyodonty to hypnclodonly, (-)froui root* to open-pulps, 
<J) the increasing verticality of the slojica of the ereats. (4) the clevelopiuent of the cement, (ft) the 
increasing plication of the enamel. .Stage A parallels the Stcgodonta among Proboscidca 
(pp. 1n>-|s.s). St:ige It parallels the elephant*, and also many of the South American Ungulate*, 
and even the rootless grinder* of many RodcuU. 





Fio.. 182. Extreme specialization of the Rhinoceros molar type, in hUniuotlurium riUrieum, 
from the Pleistocene of Siberia. The plication of the enamel h it increased the cutting surface, 
and the efficiency of the tooth for grinding hard dry graces or shrubs. (Compare the enamel 
lakes in the Uorse molar, Fig. H13). x J. After Oaudry and Uoule. 
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Chaucotheroidka or Axcyloi-oda. 

The Anevlopoda are apparently a group of al>crrant I'erissodactyla 
in which the nails or generalized hoofs have become secondarily 
modified into large claws. The types of this order are the genera 
Macroth rium, Chnlkutlnrium, and Anq/lothcriitm, in which the superior 
molar teeth exhibit a strong general resemblance to those <»f 




Fin. 1^3. Bum«aelen» lout upper cheek teeth of M, ,< t *i-oth' r.iuu Unirrubm, a Cundvlarth (?), 
from the Waaatch Formation, Ix»wcr Eocene. Note the large -eleiiodont protocoling, the obli.|Mc 
mektconnlchypocoiie; in the lower mol.ir», the t whining of the mctaconid (uh*). a feature UM 
independently develop in the Equtd». Fig. 1<W. x f . 




Flu. 1H4. Uuno-lopho selcnodont molar (m*) of Schi.oib- riur.i mvlicum, an Ancylopod from the 
Eocene ..t France. In the drawing the height and aize of the protocone and hypocone ia conaidcr- 
ably forexhortcued. 

Titanotheres among Perissodactyla : that is, they are buno-selenodont 
(Fig. 184), or, strictly speaking, buno-lopho-selenodont, because they 
combine bunoid, lophoid, and selenoid modelling of the cusps. These 
molars have evidently evolved from a sexitubercular ancestral type, 
and we reason by analogy that they were of tri tubercular origin. 

In Mi msrtitlti riinn we have a genus of much greater geological a^e 
which exhibits a somewhat similar type of grinding tooth (Fig. 183 ). 
It has been considered by Osborn for this and other reasons as a 
possible ancestor of the Anevlopoda, though still a member of the 
order ( 'ondylarthra. However recent observations tend to show that 
these resemblances are not indicative of genetic relationship but that the 
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Ohalieotheres have more probably lieen derived from Lower Eocene 
Titanotheres. 

SPECIAL REFERENCE. 

Osborn, H. F., "The Ancylopoda, (Mialieotherium, and Artionyx," Amer. Naturali&t, 
Feb., 18!J8, pp. 118-133. [The discussion about Artioiu/x is based upon a foot now 
known to appertain to the Oreoclont Artiodactyl Affrun'h<*ru*.] 

HYRACOIDKA. 

The Hyraces, including many existing African and West Asiatic 
s]>ecies, also the fossil forms Pliohyrax Osborn, Sagh-atherium Andrews, 
Mcfjalohyrax Andrews, exhibit strong evidences of derivation from a buno- 




Kitf. 1S6. I'ppt, fiiiurt, Hyrtu *yn'ti«u, upper cheek teeth, external view, x |. Loiter figunt, 
A, Hfintx mptnti*, third upper molar, unworn, x \. H, II. tyriaeut, third lower molar, worn. 

lopho-selenodont ancestral type. The superior molar teeth (Figs. 185, 
180), consist of two short, transverse crests, the proto- and metalophs, and 
an elongate external crest, the ectoloph. The latter has been compared 
with that of the rhinoceros, but actuallv resembles that of the Eocene 
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horses more closely, liecause it consists of two halveB, a paracone and a 
metaeone, divided by a faint vertical ridge, the mesostyle; this ridge 
is much more strongly marked in the extinct genera, mentioned at>ove. 
It proves that the ancestral types of teeth among the Hyracoidea were 
lopho-selenodont, like those of Pala-othaium perhaps, the more remote 
ancestors being sexitul>ereular and tri tubercular. The lower molars 
exhibit the double crested pattern, similar to that seen in so many 
Perissodactyla. 

It is an interesting fact that the fossil Hyracoids retain the primitive 
double rooted canine, a tooth which undoubtedly (see p. 194) once 
belonged to the premolar series. 

SPKCIA /, REFKttEyCES. 

Osborn, H. F., "On PHohyrax Krupii Osborn, A Fossil Hvracoid from Samoa, 
Lower Pliocene, in the Stuttgart Collection," /V<«\ Fourth International Congret* 
of Zoolmjy, Cambridge, 189S, pp. 173-171, PI. 2. 

Foray th Major, C. «)., "PHohyrax gr.ecus from SamoB. : ' O'eol. Mag., N.S., Dec, 
IV., Vol. XI., pp. :>47-f)53, Dec. 1899. 

Andrews, C. W., "Notes on an Expedition to the Fa v fan, Egvpt, with Descriptions 
of some New Mammals," <i< J.. J/ag., Dec, IV., Vol. X.,'No. 470,' Aug. 1903, pp. 339. 

Pkokoscidea. 

The highly complex, plated tooth of JCiphas is so far remote from 
the molar crown of the general type seen in Protogonodon (Fig. 148) or 




Ki.i. 1^7. Side view ..f the skull of I'-'lo <„.»>. t„,ton /.«./„,»,•, from the V\>\«:r Kocenc of Egyj.t. 
Aftt-r Aiidniw*. Alwmt ,' 0 n iturnl M7v. 



even in Hanithhnis (Fig. K!8) that it might seem hopeless to attempt 
to show derivation of the former from the hitter; but the palaontology 
of the l'roboscidea renders such a connection absolutely certain. 
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The gradations leading back from the plated teeth of Elephas 
through Sfeyodon, with its numerous crests and short crowns, to Mastodon, 
were long ago followed in Falconer and Cautley's Fauna Antiqua 
Sivalcnsis and in Gaudry's Enchainements du Monde Animal 1 ; but the 




Flo. 188. Upper check teeth and l»a*al view of skull of Pitlaouuutwlo* beailmlli, (cf. Fig. 1ST). 

AftOT Andrew*. Scale, about T l ff . 

recent researches of Andrews have carried the evolution back through 
Pakeonuutodon (Figs. 187, 188) to the quadritubereular molars of 
M(crith>rinm, a middle Eocene stage representing the African atavus 
of the Proboscidea. By analogy with nil the other groups we have 




Flo. IS".'. Side view of the skull of Mir, Murium lyonti. (Cf. Fig. UK).) Alter Andrew*. 

Scale, about \. 



l*?en considering, there is no question that the quadritubereular 
molars of MwrUhcrium (Figs. 180, 190) sprang from an ultimately 
tri tubercular type. 

The quadritubereular molar of the Ma riUu riam type by (1) 
transverse connection of its pairs of cones, produced a bilophodont 
crown similar to the lower molars of the Tapirs; (L') by continuous 



Digitized by Google 



188 



EVOLUTION OF MAMMALIAN MOLAR TEETH 



upgrowth of successive cingula (talons ami talonids) it transformed a 
bilophodont into a trilophodont crown, a trilophodont into a tetralo- 
phodont, etc. Tims, the plates of the teeth of Elrphas owe their 
origin to upgrowths of the posterior lwisal cingulum. 

We have many analogies among other hoofed animals with Probos- 
cidean molar evolution. Among Suina, Perchairm has plainly quadri- 
tubercular upper molars, and shows the origin of a double trefoil 




Flu. l'.M. Inferior view of the skull and tooth of itarrithn-ivm tyonri, from the Middle Eocene 
of Egypt. After Andrews. Scale, about J, 

analogous to that seen in Mastodon. The Hippopotamus also shows 
a double trefoil, Listriodon of the Middle Koeene of Europe exhibits 
lophodont teetli remarkably similar to those of Dinothrrium. The 
hindermost molar of the wart-hog (Phacochivriiii) parallels the molars of 
the l'roboscidea in the development of complex many-columned teeth 
from the constant upgrowth of the talon posteriorly. 

SPEC/ A L It EEElt EXCES. 

Falconer, H., and Cautlev, P. T., Fauna Antiqna Siealensis, Part I., pp. 1-64, 
4 to, 184R. 

Andrews, C. H., "On the Evolution of the Proboscidea," Philos. Trans. Rot/. Soc 
Ser. 1$, Vol. 19(5, pp. 99-118. London, 1903. 

(iaudty, A., Let Enchotnements du monde animal dans les temps a&loaiques 
Mammiferes tertiaires, 8vo, 1*78, pp. 172-191. 



SlKENIA. 

The bilophodont molars of the Sirenia (Fig. 191) do not offer any 
difficulty to tlie theory of tritulHTCuly, because of the many other 
cases in which bilophodonty has evolved from sexi-, quadri-, and 
tritubereuly. 

Considerable evidence has been adduced for the belief that the 
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Sirenia are an aquatic offshoot from the Ungulata. De Blainville 
Hist made the hold suggestion that they were related to the Prohoscidea, 
and in 1902 Andrews again directed attention 
to the numerous anatomical similarities of these 
two groups, reinforcing them by the new evidence 
offered by the ancestral Mceritherium, which 
closely resembles Prorastoma not only in the 
teeth hut in the humerus. Lvdekker, on the 
other hand, in 1892, pointed out the likenesses 

» Fin. 191. I'nwom molar or 

between the third and fourth upper milk molars American Manatee (TVfeteAiu 

r r i'c«), showing "masked 

of Prorastoma veronenae and those of the seleno- ncienodonty." x}. 
dont Artiodactyl Merycopotamus dissimilis. 

Of the affinities of the Sirenia and Ungulata in general, as 
expressed in the table on p. 75, there can be little doubt, but for 
their more specific relationships we must wait for additional evidence. 




SPECIAL REFERENCES, 

Andrews, C. W., " On the Evolution of the Proboseidea," Phil. Trans. Roy. So<\ 
Lond., Ser. B, Vol. 196, 1903, pp. 99-118. 

Lydekker, R., "On a remarkable Sirenian Jaw from the Oligocene of Italy and its 
hearings on the Evolution of the Sirenia," Proc. Zool. Sac hmd. y Febr. 2, 1892, 
pp. 77-83. 



South American Ungulates. 

The Ungulates of South America include the highly specialized 
Typotheria, Homalodotheria, Toxodontia, and Astrapotheria, in all of 
which the teeth present the extreme of lophodont modification and of 
elongation or hypselodontism. Close analogies are found among the 




Fio. lt>2. Upper check teeth of Prott rolk<ri»m sp., h primitive I.itoptern from the Santa Cruz 
Formation, Middle (?) Miocene, Patagonia. Compare the somewhat similar huno-lopho-selenodont 
molars of Pnhrothtrium, /WoWo/»j»h» (Fig. Irtrt), Nmr/./if/.n n'm ( Kig. lfv<), M< >u*r<>th*rtuM (Fig. 
183), SeUMtfUrftMi (Fig. 1K4) and On«tkenu,», family Anplnthcritd*, order Artlodactvla. 

teeth of the Equidae and Rhinocerotida*, and especially of the Amyno- 
dontithe. Naturally there is little trace left of the archaic and simpler 
constitution of the teeth in these highly specialized crowns. 

It is very suggestive, however, that the most primitive of the 
Litopterna, the fifth of these South American orders, retain unmis- 
takable indications of a primarily triangular crown pattern. In 
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Pioterothcrium (Fig. 192), for example, we see the trigonal disposition 
of three main cusps. The still more ancient Ungulates from the 
Xotostylops beds of Patagonia, exhibit molar teeth of the type seen 
among the Amblypoda and Condylarthra, namely the tritubercular. 
bunodont type, and lend the strongest of all the recent evidence which 
has come forward in support of the tritubercular theory. 

Pyrotherivrn, believed by Ameghino to bo auccstral to the I'ro- 
boscidea, has simple, bilophodont molars. 

Doctor Ameghino, although rejecting Osbom's homologies uf the 
molar cusps, and holding widely divergent views as to the ultimate 
origin of the molars, yet brings forward a great deal of evidence 1 to 
show the derivation of all the inferior molar types of South American 
orders from a Protcwlvhlphy* (Fig. 202) type which has a typically 
tuberculosectorial lower dentition more primitive even than that of 
DhMphys (see pp. 202, 204). 

SPEC1A L ItEFEliEXCES. 

Ameghino, F., Contribution «l Conoeimiento de lot Minnmiferos Ffoiles de In 
RefHtblit'a Argentina. Buenos Aiies, 1889. Numerous contributions to Analog dtl 
Aftt.ieo Xa'-ional de Huenos Aires, Holctin del Instituto Gcogradco Argentina, Bo? etna 
Antd. Xae. Cienn'as Cordoba, Anales Soe. Cicnttfiea Anjentina, etc. ; especially 
'•Recherche* de Morpholojjie Phvlogenetique sur les Molaires Superieures des< 
Ongulus," An. d. Miut. Xae. de* Buenos A ins, Tom, IX., 1904. 

Lvdekker, R, Palaeontoloijitt Argentina II. I^a Plata, 1893. 

Owen. R., The Zoology of II. M.S. Beagle. Pt. I.. u Fossil Mammalia" London, 1840. 



( KTACEA. 

Aquatic adaptation has gone to such an extreme in the teeth 
of the Cetacea that all traces of tritubercular ancestry, if such ever 
existed, have been entirely obliterated. It has been suggested that 
the (Vtacea are so ancient that they branched ofl' before the 
baplodont reptilian crown had begun the series of modifications 
leading to trituberculy (Fig. 43), but the presence of accessory cuspules 
in the posterior molars of certain recent and Miocene Platanistida* 
and of vestigial low cusped, two rooted teeth in embryos of Whale- 
bone Whales, the analogy with the secondary baplodont molar teeth 
of certain l'innipedia (Fig. 103), and the fact that the placenta tion 
and reproductive organs of the ( 'etacea are of a very high Eutherian 
tvpe, are all more in accordance with the hypothesis that the ancestors 
of the ('etacea possessed more complicated tooth crowns, and that the 
existing baplodont types are all secondary. 

l "On the Primitive Tvpe of the Ple.xotlont MolnrB of Mammals," Proe. Zool. Soc. 
Lond., May _», 1SW. pp. fWW-571. 
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Zkuclopontia. 

The derivation of the seriated cutting molars of Zevjlodon From a 
more normal type retaining vestiges of the ancient inner portion of the 
crown, is demonstrated by recent discoveries in Egypt (Figs. 193, 194) 




KlO. 193. Inferior mirfwv nf the sk nil of Protnotiin atarui, from the I.ower Middle Kocene of 
Mokattam, near C*iro, Egypt ; a very primitive Zcuglodout, thought by Prof. Frans to represent 
an aipiatic offshoot of the t'reodonla. The check tt-eth while elongate aiitero|m«teri<irly retain 
vestiges of the internal protoconc and of it * root. Agnatic adaptation la also indicated in the 
elongation of U»c snout, the prehensile modification of the anterior teeth, the secondary bridging 
over of the posterior narcs, the enlargement of the auditory bulla*. Iftflwt J. After Praas. 
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by which the Zeuglodontia are thought by Professor Fraas to have 
been connected with the Creodonta and especially the Hya*nodontida'. 
If in turn the Zeuglodonts should be shown to be related to the 
Odontocete Whales, through Sqvalodon and the Miocene Platanistida-, 
the ultimate derivation of the Cetacean cheek teeth from the tritulter- 
cular type would no longer t>e in doubt. 
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EVOLUTION OF THE PREMOLARS. 

In the early geological periods the premolar teeth of mammals were 
very simple in structure, as shown in the following description and 
figures by Osborn 1 of the premolars of the Triassic and Jurassic 
mammalia : 

1. Premolars in Primitive Mammals. 

" The premolars of Dromatherium [Fig. 195^1] are very unique. They 
are tall and styloid and single fanged ; the last premolar has a vertical 
groove upon the posterior face. In Mkroconodon [Fig. 195.//], which 

A B IS 4 S 7 // /J 

Fig. \')l>. The |>rcmolnr tooth form* of the m»inm:ilx of the Metozoic onlor Pantothcriii 
or Trlt'ilrtrreulata. The premolar represented in iiir;iris»bly the most jxwterior of the series ; 
the (interior (uce is to the left. A. Dr<onnth> riUin. 8. Mir,itcv4itfl</n. l'>. K"rtt>iii)i>. 4. TncO- 
noifon. '.». /'• I'U/mt-'s. 7, Sjwtae'ttlirriuiM. 11. r><"»("l"t>*. 1-. Ihynl, *(,■». 3. Achyrr*l'>n. Nos. 
A, V, 11, 1-' are seen upon the iuner surface, the remainder upon the outer surface. 

belongs to a somewhat more recent type, the premolars have a faint 
jHisterior heel, and the last shows the trace of a double fang. In all 
the Jurassic genera the premolars, where fully functional, are bifanged, 
and possess a convex anterior face and concave posterior slope terminating 
frequently in a heel. As in the molars, the cingulum plays an important 
part in connection with the basal cusps. It is present upon the internal 
face of the premolars of all the Jurassic genera except Ku.riodon 
[Fig. 19") /J], and is observed upon the outer surface in IHploiiiiHxloii 
[Fig. 20], It thus in many cases enables us to draw the line 
ltetween premolars and molars, as in both the Peralestida- l'craksks, 
J'it'f(sp ( (/>>,r [Figs. 12, 22, 195.9], and in the genera of the Insectivorous 
Sub-group the inner faces of the molars are smooth. 

1 Osborn, H. F. , "'The Structure anil Classification of the Me«ozoic Mammalia," Jirtir. 
Ara<{. Xu>. S, i., Philadelphia. Vol. IX.. Xo. 2, July, 1888, pp. 2*1 ±>u and pp. 

X 
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The cingulum generally embraces the entire inner face of the crown, 
forming anterior and posterior cingulum cusps or cini/ulcs, which are 
characteristic of the insectivorous forms, while in the supposed car- 
nivorous and omnivorous forms, distinct hasal cusps rise posteriorly and 
sometimes anteriorly [Trironodon, Figs. 8, 195 /,] ahove the cingulum. As 
in the latter genera the cingulum is present with the hasal cusps, it 
probably precedes them in evolution, but there is no direct evidence 
(in the Trieonodonta) of the conversion of cnii/u/cs into true basal cusps, 
such as we find in the molars. 

A review of the premolars of all the genera shows that they are 
sharply distinguished from the incisors and from the molars, and less 
distinetlv from the canines in iimnv instances.' In several genera thev 
have undergone considerable socialization, us in the production into lofty 
cones of 4 of Ar/tt/rodott [Fig. 19." 7.7], or the apparently incipient 
assumption of the molar pattern in Kartvlnn [Figs. 19.~> Jo]." 

2. Adaitatiox of Pkkmoi.aks. 

The premolar teeth in general are toiite as odoptiv, and ind'p, ml, >if 
in evolution as the molars. While in many families of mammals the 
first, second, and third, and more rarely the fourth promolars retain more 
or less of this simple ancestral structure; in other families the premolars 
become greatly complicated. They either {«) enter upon an esj>ocial 
adaptive evolution of their own, as for example in the upj>er sectorials 
of the Cats ( Felid;e), or the elaborate fourth premolars of the Plagiau- 
laeida- (pp. 102, 106 i. or 0>) by a serial analogous development they more 
or less closely mimic the structure and supplement the exact functions 
and uses of the molar teeth : this mimicry reaches its highest extreme 
among the Perissodaetyl or odd-toed J ugulates, such as the horses, where 
the premolars gradually mcto morpho* into f/n molar pn/tn-n and even 
become superior to the molars in size and complication. 

Y a mors Vvvv.u Pi:k.m«ilar Tytes. 

1. Persistence of a simple conical form throughout. Pealized in the 
inferior premolars of JJromaf/u rimii (Fig. M 

2. The posterior or 4th superior premolar becomes sectorial, the 
anterior premolars remaining more or less simple and conical, r./j. most 
< arnivora. 

o. The 4th, Mid, and 2nd superior premolars become more or less 
uniformly bicuspid, «■.//. most Primates. 

'Then- i» strong support among the Jurassic mammals ana the recent Inseetivora for 
the opinion first expressed l>y K. Kay Lankester, that the <<u<iw: 18 originally a bifang<t>-l 
tooth ami represent* ;i uioilirieM uuttrior jntmolnr. 
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4. The 4th superior premolar more or less completely transforms 
into the molar pattern, the third, second, and first remaining simpler 
(e.g. some Artiodactyla, as Agriochairus). 

5. The 4th and 3rd superior premolars transform into the molar 
pattern, the first and second adopting an entirely different order of 
evolution {e.g. Galeopithecns). 

6. The 4th. 3rd, and 2nd premolars successively partially transform 
in the molar pattern. Example, many Perissodactyla, such as the 
Titanotheres and Rhinoeerotida\ 

7. The 4th, 3rd, and 2nd premolars completely transform into the 
molar pattern. Example, some Perissodactyla (Equida'). 

This premolar metamorphosis into the molar pattern observed in types 
4, 5, 6, 7, above is a very gradual process, requiring hundreds of 
thousands if not millions of years, and from the biological standpoint 
most interesting as illustration of convergence, because form exactly 
similar to that of (he molars is finally attained from somewhat dis- 
similar beginnings. 

4. Cusp Addition in the Pkemolaks. 

The first broad and systematic treatment of the subject of premolar 
evolution was that by Professor \V. P. Scott. 1 It is somewhat too special 
to be cited in full here. We accept Scott's interpretation in full as 
regards the upper premolars, but have adopted a different interpretation 
of the evolution of the lower premolars. 

StTEKIOK PiiEMoLAUS. 

It is important to note here that all of thr following description is 
based on the older Cope-Osborn theory that the superior premolars 
have followed a different order of cusp addition from the molars: this 
is now met by the newer theory (see Chapter IX.) that the premolars 
follow practically the same order of cusp addition as that originally 
followed by the molars. Pending the solution of this question the 
comparisons which follow are made on the Wisis of the older theory. 

We may take the progressive complication of the fourth superior 
premolar as a standard ; the order of succession of the cusps in this 
tooth is rather constant, while in the more anterior premolars there are 
more various modes of complication. 

First Mage. As early as the Basal Eocene period the fourth upper 
premolar, in every known genus in which the premolars tend to imitate 

'"The Evolution of th« Premolar Teeth in Mammals." Prof. Anul. Xat. $ci. Phi/a., 
189-2, pp. 40.V444. 
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the molars, is complicated by the addition on the inner or lingual side 
of the protocone of a second cusp, which has appropriately been called 
the deuierocone [Sevrepos, second ; kwvos, cone] by Scott. This bicuspid 
stage, which i8 retained in the ' bicuspids ' of man and other primates, is 
the starting point, and brings out clearly the important initial fact 
that in the premolars the protocone remains upon the outer or buccal side 

i 2 4 

Flo. Fourth upper jn-emolar of CreodonU and Carnivores in various stages of evolution. 
(Cf. Fig*. 84 92.) After Scott. 

1. IktteLtkeriwm ftr.ndaminii, family Oxyclwnidw. 

2. Sin<rp<i tehitia;, family Ilywnodontid*. (Cf. Fig. 6V>.) 

3. Cttnodirtis pmoti*, family Canidro. 

4. FtlU concotor, family Felidie. 

of the crown, while in the molars (as 'we have tried to show above, 
pp. 35, 217) it shifts to the inner or lingual side. From this it follows 
that the deuterocone of the premolars has no exact serial homologue 
in any of the cusps of the molars, although it becomes functionally 
analogous to the protocone ; it follows, moreover, that all the cusps 
which are subsequently added to the premolars are analogous, but not 
serially homologous, to those in the molars (Fig. 196). 

The Second stage of premolar complication usually consists in the 
addition of a second outer cusp, posterior to the protocone, which, as the 

third in the series. Scott has called the 
tritwme. [rplro^, third]; this in turn is 
analogous in position and function with 
fr the metacone of the molars. This tri- 

F«,V.C. Second upper premolar of tubercular tricuspid OY trigOUodont pie- 

^ttXiZW^^^ nmliu- stage imitates very closely the 
<un"^ tritubereular or trigonodont molar tooth, 

and frequently the tritubereular types of 
premolars display intermediate conules corresponding in position with 
the proto- and meta-conules of the molars, but obviously not homologous 
with them. The gradual development of this tritubereular premolar 
stage is beautifully shown in series of teeth of Euprotogottia and 
Phciiacodus, in which the tritocone may be seen in all stages of 
development from its incipiency, and in which the more anterior 
premolars are seen taking up the stages which have already been 
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passed through by the fourth premolar, until it reaches the size of 
a protocone (Figs. 197, 198). 




Fro. 198. Complication of the superior premolars in Coudylsrthra. I. P 3 , p* of Phenacodus 
primcrvus, showing a complicated '2. P 3 , jt* of Phtnttcodvi wortmani with simpler p*. 3. P* of 
Euprotogonia *ul*]uudr«ta. After Scott. 

This stage is very widely exhibited in the Middle and Upper Eocene 
Ungulates and Creodonts and persists till the present time, with some 
modifications in the sectorial or carnassial fourth premolar of the 
Carnivora, in many Inseetivora, and in some forms of the Artiodactyla. 

The third and final stage in the metamorphosis of the premolar into 
the molar pattern is reached by the addition of a fourth main element, 
whicli Scott lias called the tetartocone [rerapToi, fourth] ; it corresponds 



f,t lr ]*r .s {it tr 




Fi<i. 1W. I'ourth upper and lower premolars of various Artiodactyla. After Scott. 

1. Diojtytet toi^uatut, family Dieotyltdiu. Molarlxution nearly complete. 

•J. Thinohym ttxtut, family llieotylidw. Molanzntioii much Iohh complete. 

3. /V»vA<r»-tM ^»<V<i'<, family Dicotylidie. 

•». Tri>j>m»l>tU* iirw/.fttomHt, family Tri(rnm>le*tldiv, showing simple upper and lower premolar. 

in position and is analogous with the hypocone of the molars. As 
observed by Scott, the tetartocone usually arises in the same manner 
as the hypocone of the molars, namely, by the addition of a cusp at 
the postero-internal angle of the crown immediately behind the 
deuterocone (Fig. 199, No. 1). 

In the normal or usual evolution of the tetartocone behind the 
deuterocone variations occur characteristic of different families of 
mammals. Sometimes (in some Perissodaetyla, './/. Titauotheres) a 
ridge extends back from the deuterocone, which splits in two, forming 
the deuterocone anteriorly, the tetartocone posteriorly. 

This brief survey of the steps of premolar evolution proves thai these 
teeth follow an order of differentiation <|uite at variance with that 
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attributed to the molars, even when the final results are the same. It 
is another remarkable instance of convergence in evolution, and proves 
that similarity in form and in position affords an unsafe guide to serial 
homology (see, however, Chapter XL). 



InFEKIOK PltKMOLAKS. 

As shown in the foregoing comparison of the Jurassic mammals, 
and in other primitive mammals, the primitive form of the lower 
premolar is a simple, more or less recurved cone, obviously corresponding 
to the protocone of the molars, and implanted by a single fang. 

The metamorphosis of the inferior premolars also begins with the 
fourth premolar, and extends anteriorly. While the order of cusp 
development is less regular and constant than in the upper teeth, we 
find that the lower premolars may be more closely compared with the 
lower molars, that is, there is more ervlenee of stria/ homology Iwtween 
the cusps of the lower premolars and lower molars. This fact fortunately 
enables us to use the same terminology for the premolars as for the 
molars. Professor Scott was led to take a different view, and proposed 
several new homologies in the lower premolars, such as the paraeonid, 
deuteroconid, metaconid, teturtocmiid, which may be eliminated by a 
somewhat different interpretation of the development, 

Comparison of the lower premolars should be made, not with the 
molars of the Triconodonta, but with the molars of Trituberculates. 
Such comparison shows that the premolar evolution may be interpreted 
as substantially similar to the molar evolution. 

The initial staye is the simple, single-fanged, conical cusp, the 
protoconid of Drennatherium (Figs. 'A, 105 A). 

Even in the Jurassic mammals the serotul stay, appears in the two- 
fanged crown with more or less developed posterior basal cusp, which 
corresponds in position and function with the talon id or hypoeo/iid 
of the tritubercular molars of such a type as Amphitherium (l'ig. 1~>). 
In the subsequent evolution of the crown this hypoeonid remains on 
the outer or buccal side of the crown as in the molars; it is therefore 
practically homologous serially with the hypoeonid of the tritubercular 
molars rather than with the metaconid of the triconodont molars. 
Most of the existing t'nguieulatcs as well as some recent, and many 
extinct Ungulates, retain more or fewer premolar teeth which depart 
but little from this type. 

As a third stay an anterior basal cusp comparable to the paraeonid 
both of the tritubercular and triconodont molars is added. This cusp, 
in fact, corresponds in the subsequent evolution of the teeth with the 
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paraconid of the true molars; and may, therefore, Ik? considered as 
more or less serially homologous with that molar element. 

As a fourth statfc (or in some cases as the third stage of development 
the order of succession not being constant) there appears a dispute on 
the inner side of the crown of the protocoled which corresponds in 
position with the metaeonid of the true molars of the tri tubercular 




1 .) 4 J 

Via. 200. Fourth lower premolar* of CreodonU in various slaves of complication. After Scott. 
1. Tfio.uta $iM ri'/o.tn* family Oxyolw-nidsv. 
•J. tin ,\oiIoh jir<it« : r<in'itnl' a, family Arctocyonida*. 

3. rhrmcM «ft/>t>/<d, family Oxycla-nidne. 

4. Chriacvt schl'jfttritinnt. 

ft, Dttlatkcrium /undaminili family Uyamodontidaj, tuberculo-Mctorial pattern marly com- 
pleted, with a hitfh tritfonid and low uloidd. 

Amphilln rium type, and subsequently develops into an exactly analogous 
form. (This is the deuteroconid of Scott's terminology.) 

As a Jiftti dags a cusp is sometimes added to the premolar crown 
on the internal or lingual side of the hypoeonid, occupying the position 
held by the entoconid in the true molars. (To this Scott gave the 
name of ' tetartoconid,' regarding it as serially comparable with the 
tetartocone of the upper premolars.) 

' a 3 i 

Y\>.. '.'01. Premolar complication in C mdylai thra (Pheiiaeodontidje). Fourth lower premolar 
• •f ri^ht side, internal aspect. 1 and PiDtiffOAodon puttaeui, showing incipient metaeonid and 
talonid. 3. BuproUtgtMH ,>licit'- m, kIiowIiik U tter ilevelu|ied metaeonid ami tidonid, incipient 
paraconid. The hilterculu-teetori.il pattern i« thus nearly attained. After Seott. 

On the completion of these four stages, the premolar reaches a condition 
analogous to the ' tubereulo-sectorial ' stage of the molars, namely, with 
an elevated trigonitl composed of the protoconid, paraconid and metaeonid, 
and with a depressed tohnul composed of the hypoeonid and entoconid. 

The subsequent transformation of tin.- fourth inferior premolar in 
various type is shown in the preceding and accompanying figures 
.(Figs. 200, 201). 
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In comparatively few mammals, however, are these four stages 
completed. With many exceptions (such as the sectorial p* opposed 
by the sectorial wi, in the Carnivora), the evolution of the lower 
jyremolars is normally correlated with that of the upper premolars, 
which agree roughly with the seven upper premolar types enumerated on 
pages 194, 195. For example, in the Equidw, three of the corresponding 
upper and lower premolars assume the molar form, but in Galcopithtcus, 
pi * become molariform, while the independently adaptive become 
elongate and denticulate. 
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CHAPTER IX. 

OBJECTIONS AND DIFFICULTIES AND OTHER THEORIES. 

Two classes of criticism have developed : 

I. That the tri tubercular type is not primitive. 

II. That the Cope-Osborn theory of the origin of the superior 
molars is incorrect. 

Let us consider these in order. 

I. That the Tritubercular Type is not Primitive. 

1. The 1 Plexoiw >xt' ok Progressive Simplification Theory of 

Am eo hi no. 

In 18S4, 1 1896,- and 1899 3 Dr. Florentine Ameghino fully stated 
an original theory of the origin of the grinding teeth, in which there 
are four main propositions : 

First (op. tit., 1889, p. 556), that aside from the haplodont 

reptilian type, the most primitive type of inferior molar is not 

the protodont, triconodont, or trituU'icular, hut the ph\mhnt. The 

original plexodont upper or lower molar is supposed to have been 

quadrangular, q uad ritu here u late, quadriradieulate (op. cit., 1890, pp. 

18, 19, 25, 61, 04). The oldest known form of complete plexodont 

molar, that of ProttV(fi<f<lphys (Fig. 202 ami op. cit., 90, p. 556) 

has an anterior ami a posterior lobe, each of them carrying three 

cusps, which arc designated in the following terms, the names in 

parenthesis being those of Osborn's nomenclature (op. cif., p. 557). 

mo, median-anterior (|>araconid). pe, postern-external (liypmonid). 

a*-, aiitero-external (pmtoeonid). pi, posterointernal (entneonid >. 

oi, anteio-internal (nietaeonid). ,np, median posterior (h vpoconnlid). 

1 Fih'i'ul't, Svo, 1SS4. 

-"Siir I nvolution des Dents des Manimiferes," Do/. Acad. Xnc. dc Cienr., T. XIV., 
lStMi, pp. SSI-') 1 7. 

5 "On tin- Primitive Type of the Plexodont Molars of Mammal.'*," /Vor. Zool. Sor. 
Loud., May 
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Secontf, that the plexodont molar made its appearance suddenly 
(p. 571, bottom), the only theory which can explain it in a satis- 
factory manner being that it arose by the fusion or the concrescence 
of " the dental germs or embryos of several simple teeth " (op. ' it.. 
'99, p. r».")5). 

Tltinl (p. .".")G, ^ 1), that the tritubercular, triconodont and pro- 
todont stages are secondary simplifications of the plexodont stage. 

Fourth, that the plexodont type is the starting point of all the 
punt canine cheek teeth including the premolars. (The teeth of Mono- 
trenies, Edentates, Cetaceans are supposed to have l>een independently 
derived from the haplodont ty}>e.) 

The 'plexodont' type of Ameghiuo as illustrated in Prut>x»Ii- 
ddphys (Fig;. 202) is identical with the six-cusped 4 tuberculo-sectorial ' 




Km. '.'(»'-'. Lower jaw ami teeth of P><ii>vilultl]>h{i» prtrct'iwr, a muhII I'olyjirotodoiit Marsuphil 
from the- Chitbut Formation. ('.' I'pper Cretaceous) of Patagonia. > J. The true molars (" '>,..," 
"liw," " 7nt") are in a very primitive sta^c of the tuberculo-sectorial modification. After 

Ameghlao. 

type of Cope; briefly stated, therefore, the plexodont theory is that 
this type, instead of being an intermediate stage, as in the Cojte- 
« isl m n n theory, is a primordial stage from which, on the one band, 
the trituljercular, triconodont and protodont types have been derived 
by retrotfirssire simplification or loss of cusps, and, on the other band, 
the higher omnivorous (bunodont) and herbivorous (hypselodout) stages 
have been derived by progressive modification of the relative size 
of the different parts without the addition of new cusps (p. ot*~>, 
<>/>. vit.). In the 1809 paper Dr. Ameghiuo demonstrates this unity 
of type in all the South American mammals, namely the Marsupialia, 
Toxodontia, Litopterna, Primates, etc. 

We give Mow several of this author's ingenious arguments (op. cit. 
L80G). 

l\ 19. Teeth with a single root (<</. incisors) and simple crown 
are primitive. Molars with two, three or four roots yvncmlhi repre- 
sent the fusion of two, three or four teeth. Hut roots may coalesce 
as well as crowns, so that, the number of original teeth may lie 
greater in many cases than that of the roots. Coalesced roots often 
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retain an external groove at the line of juncture, and distinct 
nutrient canals, one for each component (e.y. ox teeth). Superior 
molars nf man, ruminants, horses ami other Ungulates, represent the 
fusion (if four simple primitive teeth. 

Thus Ameghino seems to exclude as improljable any secondary 
division of roots. He also regards such specialized forms as Cetaceans 
and Edentates as primitive in their teeth. 

P. 20. Pmbably in all superior molars which are quadrangular, 
but with three roots, the internal root represents a fusion of two 
roots. Continuation of this process may result in a single mot. Two 
rooted canines =2 fused teeth, in normal canines the coalescence has 
extended to the roots. [iJr. Ameghino does not bring forward any 
direct evidence to prove the alleged coalescence.] 

I\ 29. "We have shown (Filoynria, pp. 88 to 112) that after 
the fusion which produced the plexodont teeth [quadrangular, quadri- 
tubercular, quadriradiculate] they soon became either still further com- 
plicated by the formation of new tubercles, or more simply by the 
gradual atrophy of the cuspids, tubercles, etc. We have always 
particularly emphasized these changes, for . . . having examined an 
enormous number of teeth in almost all groups of mammals, we are 
convinced of the great facilitv with which these organs change in form, 
by the addition or suppression of cuspids, tubercles, enamel folds, creux 
rentrauts valleys, etc., of the crown. 

" We do not share in the opinion that multituberculate molars must 
be the result of the fusion of as many simple teeth as there are cuspids 
on their crowns ; the numher of fused teeth could only be four or live at 
most for each tooth. The presence of this kind of molars in the Trias 
supports the theory of fusion, because if these teeth were the result of 
gradual complication not only would it be necessary to push back the 
origin of the mammals to an excessively distant epoch, hut also we 
ought to tind in pre-Triassic beds numerous forms intermediate between 
the conic and the multicuspidate. However, as we do not tind any 
such forms, we are brought to the belief that plexodont teeth are 
established by a rapid process such as fusion would be. ' (Translation.) 
[Another equally rapid process would be the direct modelling up of a 
cylindrical or conic crown into a basin-shaped crown with cuspidate 
edges.] 

1'. 25. " It is incontestable that the triangular type dominates in 
the ancient epochs, but this is quite natural since being a modification 
of the quadrangular type it should of necessity he more abundant: in 
consequence of the principle formulated elsewhere 4 that modified or 
collateral forms should always be infinitely more numerous than the 
main stem from which lateral branches spring.'" (Translation.) 
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In support of the simplification hypothesis as applied to the pre- 
molars, the author endeavours to show (op. eit., 1899): 

(1) The trite molars of all these orders can he reduced to this type 
(pp. 558-565). 

(2) The so-called premolars of Proteodidelphys (pp. 556, 557) are 
more complex than those of its descendants, Eodidelphys, Mierohw- 
therium, Dulclphys. [To the present author the premolars of 
Protcmlidelphys seem less complex and more primitive than those 
of Didelphys.] When complex lower premolars do occur in different 
ordei-s they are to he interpreted as reversions to the ancestral 
plexodont type (p. 566, § 2). 

(.*>) The less complex condition of lower premolars generally is 
secondary (p. 508), due to the want of space for the complete develop- 
ment of these teeth, which resulted from a fore-and-aft shortening of 
the whole tooth row: for (o) modern placental check teeth represent 
two series (p. 509), that is, the first series = true molars + milk molars, 
the second series = replacing teeth or premolars; (h) formerly (p. 569) 
(in South American forms) the first scries was all in use at one time 
and eehihited the same form from one end of the series to the other; 
(>•) on account of the gradual intercalation of the two series the space 
left free for the incoming premolars was shortened and that for the 
milk molars was increased so thai the premolars progressively simpli- 
fied and the milk molars hecanie more complicated. Similar reasoning 
applies to the upper premolars (p. 569, footnote). 

He concludes (p. 571): "The clear result of all these facts is that the 
famous theory of the gradual complication, of triconodonty and trituherculy. 
is an untenahle hypothesis. Nowhere do we meet with the stages leading 
from haplodonty to plexodonty : all those which have been mentioned 
are, on the contrary, as I helieve I have demonstrated, hut the result of 
simplification of molars which were formerly more complicated." 

In answer to these ingenious arguments for the simplification theory 
may he adduced the facts newly stated in Chapter VII.. pp. 100-192. 

2. 0H.IK< TloNS IVY F I, K I SCUM ANN AND MAUN ANSWEHKD BY S(OTT. 

In 1S91 A. Fleisehmann 1 and 11. Malm 2 rejected hoth the nomen- 
clature and the homologies of Trituherculy for reasons which were 
discussed in great detail and apparently shown to he insufficient, hy 
Prof. W. 15. Scott in 1892:' 

1 " Die <!■ iiiulfonu ilcr Ri< k/aiimt Uci S;in»«:thiereu,*' >Vc.n/K/« W<-/</< d. Lull, jm «y-». 
Ahxi. <l H i*'. Helm, IS'll, |>. s!»l. 

15;iu nml Knt,\\ ickliiiii: <1. Molami l>oi Muxund Arvjiola," Mar^ho'. Jahrf;, B<1. XVI.. 

p. (».VJ. 

" Tin.- Kvolutinn r.f llif |"i Liimljir Teeth in ihe M;>mm:il.«,' I'eoc. Asm/. A'»rf. Sri. Phihi., 

lsyj. |.|'. 41-J. 
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3. Thk Pkimitive Polym xy Theory. 

In a very interesting and exhaustive paper, On Some Miocene 
Squirrels, with Remarks on the Dentition and Classification oj the SciuriiKr 
(p. 179), Dr. C. J. Forsyth Major, after a very careful consideration of 
the simpler dental types in Rodents, concludes (pp. 106-215) with a 
full discussion entitled "On the Primitive Type of Sciurine Molar and 
of the Eutherian Molar in General." 

" Trituberculism," he observes, "or, as we rather ought to call it, 
the reptilian-cone theory, is no more a theory, but has l>ecome a dogma. 
I am a heretic, and may say that 1 opposed the theory already in 
1873, viz. before it was invented; 1 since that time I have kept silent 
for various reasons. ... It would appear that the Allotheria, the Multi- 
tuberculata (p. 202), ought to have l>een a stumbling-block for the theory. 
But this is not the case; they have been simply pushed aside on account 
of being an aberrant order. Nevertheless, I shall refer to them later on. 
. . . The adherents of trituU'rculism assert that they have proved the 
Mammalian molar to be traced back to a more and more simple form. 
I have tried to show that they have failed to do so, and in my turn 
assert that the molar of l'lacentalia can be traced to a polybunous form, 
and that the real tritul>ercular pattern is a more specialized secondary 
stage. So that, as a matter of course, the cardinal point to l»e estab- 
lished is to show, that the more complex forms, which in the Lower 
Eocene as well as in the recent period are found side by side with 
the simpler forms, trituW»rculate or otherwise, are indeed the primitive, 
the more generalized type." 

This point is supported by a detailed argument, of which we can 
present merely a brief summary. The starting point is that (1) brachy- 
odont teeth are more primitive than rootless or hypselodont teeth; (2) 
that the more hrachyodont a molar is the more polybunous it is. The 
latter statement is illustrated by comparison of Eocene ami recent 
squirrels, in which the author observes that the most hrachyodont molars 
exhibit flat, elongate crowns covered with small cusps which lend toward 
a longitudinal arrangement. An example of this (Type 1) is Seinm* 
lindens. Type 2, Seiin-ns ruh/aris. which he believes represents a less 
hrachyodont successive stage, shows tour more or less transverse ridges 
with three intervening valleys. Type A'< e»s <p tnh>s, a sub-hypsodont 
squirrel, exhibits a more distinctly lophodont or crested crown, approach- 
ing that of the more specialized liodents. Again (p. 213), among the 
New Guinea mice (Chirueunn/^, we lind multicuspidate teeth "of a 

1 Foray th Major, " Xageriiberrestc nus Hohuerzen SudrleutHclilruitlM mid <ter Sehweiz. 
Nehat Beitriigen zu einer vergleiclien'lm O<lontographie von t'ngulaten uml Unguiculaten,'' 
1873. Patetotftographira. XXII. 
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very generalized type, precisely such as we anticipate to meet with in 
a refuge for old and little modified forms." 

The first conclusion drawn is that in the most brachvodont Sciurine 
molars the crowns are quadrate, and the cusps tend toward longitudinal 
arrangement with two entire outer and inner 4 marginal series ' of 
cusps in the lower molars, and with two « marginal ' and a more or less 
complete ' intermediate series ' in the upper molars. From this it is 
inferred (p. 205) that the inulticuspidate or polyhunous condition is the 
must primitive, and that the triangular or trituherculur condition repre- 
sents an extreme of specialization. 

Analogous arguments are applied by this author to other mammals. 
The polyhunous molar of ^Elnrv.n is regarded as one of the most primitive 
among the Carnivora, the polyhunous Arctocyon is regarded as the most 
primitive among the (.'readouts. J'y similar reasoning we should consider 
the polyhunous tuherculate molars of the l*ear and of the orang a* 
respectively more primitive than the high pointedly cusped molars of 
the typical Viverrines (cf. Fig. 102), or of the lower Primates 
(see pp. 1 "> 8 - 1 (5 0 }. The author concedes (p. 185), that in certain huts 
(see p. 129). and in ('/f t rami/* the basin-shaped molar is retrogressive 
on account of the secondary assumption of fruit-eating hahits ; hut regards 
(p. '21 V>) the liasin-shapeil polyhunous molar of Mirroltst's as primitive 
and ancestral hoth to the multitubereulate and trituberculate types. 

By similar reasoning he finally reaches the conclusion that in the 
primitive molars of placeiitals the cus|>s were arranged in longitudinal 
rows, three rows with two intermediate grooves in the upper teeth, and 
two rows with one intermediate groove in the lower teeth; in other 
words, that the ancestral type of Kutherian molar was multituherculate. 

Dr. A. Smith Woodward ( Vnt. P«L, p. 200; feels the force of this 
argument as well as that of the emhryologists, and concludes. "Hence 
this — at first sight — brilliant generalization [of primitive tiitubcrculy] 
can only be accepted at present as a convenient working hypothesis 
which remains on its trial." 

.Mr. K. S. Coodrieh 1 in his discussion «if the Lower .Jurassic mammalia, 
after enumerating several gaps in the argument for the trituherculur 
theory, concludes: ' The common ancestor of the tritubercular sectorial 
mammals and of the Multitnberculatcs probably had teeth of an indefinite 
mult.it ulnneulate pattern, which gave rise, on the one hand, to elaborate 
multituherculate teeth, and on the other to the tritubercular sectorial. 
Thus the development of two longitudinal rows of three cusps would give 
rise to the type of lower molar common amongst the Multituberculatu ; 
the fusion of the two anterior of these cusps or the loss of one would 

"'On the Kosiil Mammalia of the Stonestklil -Slate," Qnnr. Jour. Mirr. Sci., VoL 
XXXV.. IS'.U. pp. 407-I.T2. 
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yield the tritubercular sectorial tooth common among the Marsupials 
and Placentals : while the loss of the inner cusps would result in the 
formation of a triconodont molar. The conclusion reached is, therefore, 
that the primitive mammalian molar Ixire a crown with several cusps." 

This seems to be a clear statement of the polylmny theory, although 
the reader must consult the authors themselves for the detailed argu- 
ments by which it is supported. According to the author last quoted, 
not only the tritubercular but the triconodont molar is of multitubercular 
origin. 

4. Summary of Objections to the Polybuny Theory. 

Our own contrary view may be advanced with equal show of 
evidence that even the most primitive Multituberculates known had 
already passed through previous fewer-cusped or even tritubercular 
stages (see p. 80). A third and perhaps preferable alternative is 
that the simple " inultituberculate " lower molar of the Triassic Mirro- 
lesfes was derived from the triconodont type by the transverse broadening 
of the base of the tooth and the upgrowth «>f the internal basal liorder. 
Other possible modes of derivation are discussed in pages lOM-lOo. 

The general answer to this line of reasoning is that which applies 
equally to many other generalizations which are founded chiefly upon 
anatomical and zoological comparison, namely: that there is a danger 
of inverting a series, of placing the most specialized teeth at the bottom 
of a theoretical scale of evolution, while the most primitive are placed 
at the top. This criticism certainly can be demonstrated as correct so 
far as the argument applies to Arduvyon (see p. 1 ."$:») and sElttrus (see 
p. 142), as we feel reasonably certain that the presumed ancestors or 
oldest representatives of each of these types have elevated and distinct 
cusps, and in each case the low-crowned, tuherculate condition is 
secondary. Among the Rodents we have, it is true, not yet traced 
the phyletic succession as fully as in other series, but we have strong 
grounds for considering tritubereulate upper molars such as those of 
Pit siarctom if* as the most primitive (see pp. 145-1 ~> 1 ). 

The chief difficulties in the 4 polybuny theory ' may be summarized 
as follows : ( 1 ) The examples cited as primitive are tubercular low- 
cusped crushing teeth : all zoological and paheontological evidence goes to 
show that such crowns are secimdary as coin] tared with more pointedly 
cusjK?d, piereing-eutting-crushing teeth such as those seen in Polyproto- 
dont Marsupials (p. 109), Insect ivores (p. 117), Creodonts (p. 1*52). (L' j 
Paheontology offers strong negative evidence against it, for Mirrohsds 
very probably 1 leads up through Plarjianhx and Vftnacodon into the 

1 Osborn, H. F., "Structure and Classification of the Meso/oie Mammals," Jour. A-wi. 
Xat. Sci., l'hila., 1KSN. pp. 214 21B. 
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later Multituberculates which are the only known group of polybunous 
mammals in the Mesozoic period, and all of these have sharply defined 
and modeled cusps, elongate crowns, parallel grinding series, enlarged 
chisel like incisors, correlated with chiefly horizontal jaw motions and 
gnawing habits — conditions far too specialized to have given rise to 
any of the later fewer-cusped or tritubercular types. (.'{) Embryological 
evidence is against the polybuny theory, there being no trace of previous 
polybuny, but on the contrary quite generally in the true molars a 
triangular disposition of the cusps first developed. (4) According to 
the polybuny theory one cusp is as old as another, but if either the 
' tritubercular' or the 'embryological ' or the * premolar-analogy ' theories 
be correct one of the cusps is older than the others. 

II. That the Oope-Osborn Theory of the Origin of the 
Superior Molars is Incorrect. 

This concerns the superior molars only. Strong evidence is 1 trough t 
forward from embryogeny, from the analogy of premolars, from 
paleontology, that in the superior molars the pwtocont (of Oslx>rn) is 
not homologous with the primitive or original reptilian cusp of the 
crown. 

In previous pages of this volume we have stated and discussed the 
evidence against the Cope-Osborn theory of the origin of the upper 
molars. 

\Ait us now review this evidence. 

1. Cisr HoMomuiKs fol'ndkd on Emijuyi m ;eny. 

The most thorough presentation of the development of tooth cusps in 
its bearings upon the homologies of the upper cusps is that by M. F. 
Woodward, 1 published in ISUti. 

In course of this important article he refers to the deficiency of 
the pala-ontological evidence among tritubereulates, so far as the upper 
teeth are concerned, to establish the homology of the upper and lower 
protocones beyond question, concluding: "We consequently have no 
pakiontologieal evidence to support the assumption that a tritubercular 
stage is ] massed through by the mammalian ///v«r molar in its evolution 
from a protodont or possibly a triconodont tooth. ... If the triconodont 
tooth lie a stage in the evolution of the mammalian molar, then 1 
should believe that the anterior cone disappeared, the main cone 
becoming enlarged as the paracolic and the posterior as the 
metacoiie. . . . At this stage the upper teeth overhang and bite out- 

1 "Contributions to the Studv of Mammalian Dentition, Pt. II.. On the Teetli of certain 
luccL-tivorn," /Vor. /no/. Sor. l.uml., 1SW. pp. .VVJ.V.M,. 
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siile the lower molars, and the future antero-internal cone (protocone) 
was developed as an internal shelf acting as a mortar for the cusps of 
the lower teeth and at a much later period developed a cusp. The 
hypocone arose in a similar way with the elongation of the teeth. . . . 
In the Ccntdidcr and IWafrstrs, the upper molars could not have over- 
hung the lower ones to the same extent, consequently no internal lobe 
bearing the protocone was developed and the external cingulum was 
very largely developed." Thus Woodward's position agrees in the main 
with the views recently put forward by Gidley on palajontological 
grounds (p. 219). 

The author therefore accepts the tritubercular theory from the Eocene 
period onwards, but endeavours to establish another theory as to the 




Fin. 203. Transverse section of the genu the first upper molar of a young Mole (r<i//«i) 
"showing the primitive dentine germ giving rise to the paracone {■>)," the protocone appearing 
as an internal extension or talon from the base of the pamcone, which is hence supjsised by 
Woodward to be the most ancient portion of the crown. The dental lamina tU on the lingual side 
of the developing true molar may represent the vestiges of a ]io»t-perm incut i«>. s After 
M. F. Woodward. 

origin of the superior tritu)>ercular type ; he excludes the trieonodont 
and protodont stages, unless we suppose that the anterior cusp 
disappeared. 

As regards em bry illogical testimony, he first refers to the papers of 
Kose on the human teeth, Taeker on the teeth (if Ungulates, and Leche 
on the teeth of Marsupials, as concurring in the demonstration that the 
paracolic (of Osborn) is tic fust cusp to fh rcloj) in tin upper motor toth. 
He continues {op cit., p. ."» 8 5 ) from his own researches upon the relatively 
primitive Insectivora, " If the protocone represents the summit of the 
original protodont tooth of the ancestor of the Mammalia it must Ik? the 
direct continuation of the primitive dentinal germ, ami as such should be 
found to develop in a line with the axis of that structure. That this is 
not the case is well seen in Fig. 32, PI. XXVI. [Fig. 203], where the 
paracone is found to lie identical witli the primitive dentinal germ, and 

o 
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the protoconc appears as a mere internal ledge growing out from the 
base of this structure, the nietacone and subsequently the hypoeone 
being similarly derived from a Ixickward extension of the base of the 
primitive dentinal germ." Incidentally he adds, " I have failed to find 
any support for the concrescence theory, neither do 1 consider thai 
any of the evidence put forward by Kose and Kiikenthal is at all 
conclusive in its favor.'' 



Order of Embryonic Cusp- Devlopmc tit, accordhuj to M'oothcartl. 

liRour I. (Juocr II. 

(4 genera: Erinaceu*, Ot/nmurti, Sorer, T<dp*i). (2 genera: Crntetes, Ericulu*). 

With quadri- or (juimjue- With tritnbercnlar upper 

tubercular upper molar*. molars. 

1 . Paracolic 1 . * Protocone ' ( = pa + me. See p. 2-i'* ). 

2. Metaeone. 2. 'Paracone' \ ? . _ 

3. Protocone. 3. 'Metacone'l ' to S ether - 

4. Hypoeone. 
(">. Metaconulc.) 

1. Protoconid. 1. Protoconid. 

2. Mctaconid. 2 or 3. Paraconid V ? f f t 

.< „ , f Entoconid. 3 or 2. Metaconid | f to ^' th «' 1 '- 

Hltl \Hvpotonid. 

4. Paraconid. 4. H\ poconid. 

As regards the adult structure of the teeth and the embryonic order 
of development of the molar cusps, Woodward divides the Insectivora 
into two groups, as above. 

(Jkoit I. Qiioilrittthrnidtir Molm*. The first of the quadrituhercular 
types investigated is the Malayan (lyin nvro, the adult molar teeth of which, 
according to Woodward, "resemble those of the hedgehog (Erinaa ns) in 
pattern; 1 like that genus, they exhibit five cusps which are strongly 
developed, and in the upper jaw there is a well-marked cingulum, with a 
small anterior and posterior cusp present in addition : in the lower jaw 
the paraconid is less developed than in Erin«at>.s." In the developing 
fo.tus (p. ,"G7) the second superior molar " was less developed, and hen' 
the para- and metacones were the most strongly developed, while the 
protocone was present in the form of a huge niitero-intrrnal shdf [italics 
ours], but hardly as yet developed into a distinct cusp, though the 
hypoeone and metaconule had done so." In the Shrews of the genus 
Sort.r (op. lit., p. r»70) the author also finds in a young stage that the 
plan of the dental germ is " roughly triangular, the main and only cone 
being situated at the anterior extremity and slightly nearer the external 
border." From the position of this cone, and from a comparison of the 

'[With the important exception at least in sotno specimens (Fig. Go, p. MS) that the 
hypoeone is less developed, and the whole tooth strongly suggests that of the tritubercular 
to «pjadritubercutar Eocene genus Ltptictis (Figs. fiG, *>7). En.] 
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cusp ontogeny as seen in the molar of the Talpn, with which it is 
identical in pattern, I think one may conclude that this single cusp is the 
paracone [italics ours], the posterior extension representing the metacone, 
while the internal shelf indicates the position of the future proto- and 
hypocone." In the moles (genus Taljxt, p. 579) the adult upper molars 
are " mainly tritubercular, but a very small hypocone is present ; the 
protocone is small, whereas the paracolic and metacone, especially the 
latter, are very large, and show a tendency to become crescentic 01 
V-shaped, . . ." Even in the earliest fretal stages examined two slight 
prominences were already visible, corresponding to the para- and meta- 
cones; these cusps were alone conspicuous in the younger stages, the 
antero-external or paracone being the largest, though in the adult Mole 
this is a smaller cusp than the metacone. 

This, the author thinks, shows that the paracone is the first to 
develop ; " the internal protocone. appears late, as a low and inward 
extension of the base of the paracone [Fig. 203], and mnnot possibly be 
regarded as tin original axis of the tooth." 

The embryogenic succession of the upper and lower cusps is as 
follows : 



In all these three genera the order of cusp development in the lower 
molars corresponds substantially with that given by the pahcontological 
theory. 

Thus Woodward confirms llose and Taeker's results, and savs 
(p. 584) that "the order of cusp ontogeny is in entire accord with the 
supposed order of cusp phylogeny as advanced by the supporters of the 
Cope-Osborn tritubercular theory." 

Group II. Tritubcrcvlar Molars. The most important form examined 
by Woodward is the Tenree of Madagascar, the genus Ccntctcs. In the 
adult the molars have usually been regarded as of columnar and typical 
trituberculate type, consisting of an elevated internal cusp (protocone) 
and more depressed external cusps (para- and meta-cone) ; as we shall 
see, Woodward interprets the homologies of these cusps in an entirely 
different manner. He observes (p. 573), in foetal development, that the 
first superior molar is composed <>f a prominent main cone slightly inclined 
inwards, this is undoubtedly the cusp determined as protocone of the 
adult tooth, according to the Cope-Osborn theory, while glowing outwards 
low down from this main dental germ are two smaller ones, a slightly 
more pronounced anterior cone and a less developed postero-external 



Upper Molars. 



Lower Molars. 



1. Paracone. 

2. Metacone. 

3. Protocone. 

4. Parastyle. 

5. Hypocone. 



1. Protoeoniil. 

2. Metaconid. 

3. Hypoconid. 

4. Entoconid. 
f>. Paraconid. 
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cone, corresponding respectively to the para- and meta-cone as homologized 
by Cope and Osborn. The embryogenic sequence is as follows : 

1. Protocone. I. Protoeonid. 

2. Paracolic ± Metaeonid. 

3. Metacoue. 3. Paraconid. 

4. flypoconid. 

Similarly in the young jaws of Ericulv.s (op. cit., p. 574) Woodward 
finds that in the total first superior molar the protocone (as homologized 
by Cope and Osborn) " forms the main mass of the tooth, while the para- 
and meta-cones (as homologized by Cope and Osborn) form two rounded 
external shelves, not at present conical " : in the second superior molar 
" the protocone and the small antero-external paracone are alone visible."' 

Summary of' Woodward's Conclusions. 

Woodward (1) entirely confirms the conclusions of previous authors 
that in the lower teeth the evidence of embryology and paheontology 
is identical. (2) In (I.) the quadrituberculate Insectivora he strongly 
reinforces the previous testimony of Hose, Kiikenthal, Leche and Taeker, 
namely, that the paracone develops first and the protocone is a secondary 
shelf. (3) In (II.) the trituberculate Insectivora. on the contrary, he 
brings forward facts which seem to support the pakeontological theory 
and homologies; it is in these animals, according to the Cope-Oslioni 
theory, that the protocone is still the highest and chief cusp of the 
crown and thus should appear first in ontogeny, while in the cpiadri- 
tubercular types the protocone being more depressed and the para- and 
meta-cone being more elevated, the earlier appearance of the latter 
might V»e interpreted as due to adaptive acceleration or cocnogenesis. 
In his discussion of these facts, however, Woodward does not admit 
this interpretation of adaptive acceleration or cu-nogenesis, but maintains 
that the Cope-Osborn homologies are incorrect, and that the main 
internal cusp in the Iri/ub, scutate tjronp is homologous with the antero- 
external cusp in the quadritulierculate group, as shown in the accom- 
panying diagram (Fig. 204). More in detail, he observes: "With 
regard to the tritubereular upper molars of the Caitctuta; I should 
conclude that the main cone of this type of tooth, usually termed 
the protocone, was really the paracone: ihe whole tooth representing 
only the antero-external triangle of such a form as Talpa, i.e. the 
crescentic paracolic with its two external cingulum cusps, the last 
named being commonly but incorrectly described as para- and meta-cone 
in Cnttids: that in the Ccittrtida no marked indications of the protocone 
or metacoue are as yet visible, while in ('hri/such/uns (Fig. 36-7) the 
first indication of the protocone has appeared, viz., the internal shelf." 

Thus he concludes as to homologies that the reptilian cone of the 
upper check teeth of the ancestral mammal is homologous with the 
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protocone of the premolars, with the paraeone of most molars, and with 
the falsely called protocone of the molars of trituherculate Insectivores 
and of the Jurassic genus PeraUstes (Fig. 20-A). Stated in another way 
his conclusions are that, (1) the antero-external cone, or paraeone almre 
and protoconid below, is the reptilian cone both in the molars and premolars, 
a conclusion supported by the Danish observer Winge ; 1 (2) the falsely 
called protocone of the upper molars is borne on an internal ledge or 
extension of the base of the crown of secondary origin; (3) the meta- 
cone is a similar backward development of the paraeone which rises very 
early in ontogeny long before the protocone: (4) the evidence advanced 



pt. pa, me. mtt. p§. mi. mtt. pt- ">•• mtt 

• i ! / i i \ 




Fio. 204. Shading illustrates Woodward s hypothesis of the homologies^ relations of the 
trltubercular, alanibdodont molar ty|>cs of CtrxUltt (A) and Ckrymchlori* (H) to the scxltuber- 
cular dilambdodont niolaraof JV>»«(0- The whole of the r, ntttt < molar if* aupposcd to correspond 
to the anterior outer portion of the Tal)»\ molar, while the " hypocono " of the ehryncMoru molar 
it homoloKiied with the antero-iutcrnal portion of the crown of Tahta. The posterior half of the 
Tntpa molar la supposed to be a neomorph or secondary upgrowth of the posterior side of the 
tooth. But according to Gidley's interpretation the single V in CtnUtrt and Chrytochtorit is 
secondary and represents the fusion of the two V's »i<)seen In Talpa. 

The abbreviations are incorrect. For true interpretation see p. 225, Addendum. 

in support of the tritubercular theory is insufficient to prove that the 
upper molars primarily evolved on the lines of that theory; (5) owing 
to want of material trituberculists have been led to assume that the 
upper molars of the early mammalia passed through similar stages to 
those which they have determined for the lower teeth, and consequently 
they have in most cases incorrectly identified the primary cone; (6) 
that as regards the actual primary cone (paraeone above, protoconid 
below), its ontogeny' recapitulates its phylogeny. 

Ontogenetic Order according to Marett Tims. 

Dr. F, W. Marett Tims * has reached partly identical conclusions 
chiefly from the embryology of the teeth of the dog, namely, that the 
cheek teeth of the dog are composed of 

(1) A Primary Cone = paraeone of ms, protocone of pms — protoconid 
of lower ms and pms. 

1 "Om Pattedyrenes Tandskifte isaer med Hcnsvn til Tnendernes Former." V\iUn*k. 
Med'ld. fro. den Xaturh. Fortn. i. Kjofttnharn, 1882, p. 15. 

■ "On the Tooth-genesis of the Canida\" Jour. Linn. Sor., Vol. XXV., Zoo/., No. 164, 
lSn«. pp. 445-480. 
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(2) A Swondary ( one = metaconc of ms. tritocone of pins = hypoconid 
<»f lower ms and pins. 

(3) Three cingulum cusps 

(a) anterior = deuterocone, minute in all except lower sectorial 

where it = the paraconid. 

(b) posterior = shear (mctastyle) of sectorial. 

(c) centre-internal = protocone of <tpm A = heel (internal cingulum 

of wt 1 ) = nietaconid of lower teeth. 

This theory agrees with the " premolar analogy " theory and with 
the theory of Gidley in identifying the paracone of the molars, the 
protocone of the premolars, and the protocol! id of the lower premolars 
and molars as the primary cusp. 

Summary of Objections to the Embryologictd Theory. 
In reply to this strong presentation of the facts of embryogeny 
the following points may he made: 1. It is |>ossihle that the suj>erior 
tritubercular molar arises independently of previous protodont and 
triconodont stages; but the evidence aflbrded by the lower molar 
teeth of Spalacotherium, which are incipiently tritul>ercular, tends to 
connect these stages (Figs. 11, 12, and p. 32 h). 2. We do not posi- 
tively know the structure of the upper molars in Sjialaeutherium ; but the 
presumption that they were somewhat similar to the lower molars is 
strongly supported by the fact that in the closely related genus Tri- 
conodon the upper molars are exactly similar.* 3. The suppose! upj>er 
molars of Spalacotherium, named Peralestcs by Owen, although of some- 
what irregular form, present a pattern reversing that in the lower 
molars of Spataeothrrium, namely, with a large internal cusp, with a 
closely connected antero-external crest surmounted by a cuspule, and 
with a freer and more detached postero-external cone. Figure 12 in 
Chapter I., not heretofore published, was directly taken from eamera- 
lucida outlines of the upper molars of Peralest>\s shaded with pencil. 
It shows that the earlier figures of Osborn and "Woodward were only 
partially correct, and it tends to demonstrate, apparently beyond a doubt, 
the existence of a large, prominent internal protocone, and of an antero- 
external paracone shelf as originally homologized by Osborn, a postero- 
external conical metacone, and an external cingulum embracing the 
outer side of the (Mown at the base corresponding with the internal 
cingulum of the lower molars of SpatoeufhreiumA 4. The comparison 
of a series of zalambdodont (trituhr-rculnr) and dilambdodont (quadri- 

* [The presumed relationship between Trirouodon ami S/>alacot hit turn is denied l>y 
somc authors. Ki». ] 

1 [The supposed •' protocone " of l\nt!<»tf * might possibly Ue homologous with the 
paracolic of later mammals. — Kn. ] 
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to sexti-tubercular) Inscctivora favors the view that the high internal 
cusp (protocone) in the former is homologous with the low antero- 
internal cusp of the latter (Figs. 04-80).* 5. Since all the orders in 
which the paracone appeal's first (l)ilanibdodont Insectivores, Carnivores, 
Primates, Perissodactyls and other Ungulates) are derived from Eocene 
forms in which the inner side of the crown is depressed, there has been 
plenty of time for embryogeny to have become adapted to this condition 
and for the main axis of the developing tooth germ to have become 
shifted to the outer side (p. 54). G. The high protocone of trituberculate 
Insectivores and the depressed ledge-like protocone of (piadrituberculate 
Insectivores alike fit into the talonid of the lower molars, and thus 
both function like the protocone of mammals in general (Gregory).t 

The Cope-Osborn theory, however, has to meet three further sets 
of objections : 

First, those derived from the comparison of the premolars and molars 
clearly set forth by AVortman (see pp. 195, 14 2, 2 1 G). 

Second, those derived from a restudy of the teeth of Jurassic 
mammals themselves, developed by J. W. Oidley (p. 219). 

Third, further comparison of the teeth of Insectivores, Chiroptera, 
and other orders, developed by Gidley (see p. 124). 

2. The Premolar Axalocy Theory. 

The theory that the superior molars originally acyuiretl trituhcrculy 
in a manner similar to that which can be trace// in the premolar meta- 
morpJiosis has been designated in the introduction as the ' premolar 
analogy theory' (pp. b\ 7). 

Premolar evolution, as the key to molar evolution, was suggested in 
1S80 by Huxley, in the following passage: 1 "The exact correspond- 
ence in plan of these teeth [of Otoe yon] is the more interesting, since, in 
Cc nicies, it is easy to trace the successive changes by which the simple 
and primitive character of the Mammalian cheek-tooth exhibited by the 
most anterior premolar passes into the complex structure of the crowns 
of the posterior teeth" (Huxley, t'olhctr/l Papas, Vol. IV., p. 450). 

It was also advocated by Schlosser," but upon different grounds, 
namely: that in primitive jaws the upper overhangs the lower, and the 
upper teeth fit not simply l>etween but also slightly outside of the lower 
ones; accordingly it is more probable that the true protocone must be 

1 44 Review of the Cranial and Dental Characters of the Canute," CvlkrlcU Mtmoirt, 
Vol. IV., p. 450. 

1 " Die Kntwickelung tier versehiedenen Saugethieiz.ilinformen itn Laufe <ler geologiachen 
J'eriodeu," Sowkr-AMr. nu< tkn Vtrh. </. o<lonrot»<j. V> ■*.//«-■/,., Hd. l\, Heft :i u. 3, ISiH. p. 1) 

♦[But see pp. l'2»i, ±2"> Addendum. — En. J 

t [ Erroneous. See p. ±K>.— En.] 
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sought in one of the outer cusps, as it is in the premolars, which, indeed, 
begin their complication on the inner side. In so far as this observa- 
tion applies to the I'reodonta, Condylarthra, Ungulata, there is indeed 
much force in it. 

Scott has also expressed the belief that premolar and molar cusps are 
in the main serially homologous ; in other words, that the molars origin- 
ally evolved as the premolars did subsequently. 

More recently Wortman 1 supports the premolar analog}- theory 00 
pahvontological grounds, and advises the total abandonment of the theory 
of tritubereuly, asserting emphatically that the cusps in the molars were 
added in exactly the same manner and in precisely the same order as 
in the premolars (Fig. 20o). 




Via. !N).'>. C'p/" r riffurt, L'pper cheek teeth of Diuneut $aHr<ujHathu» from the Torrejon Forma- 
tion, Stage II, Uaaal Eocene. Lotrtr X''" rf .Upper cheek teeth of Mmonyr obiutideu from 
the Urldgcr Formation, Middle Eocene. Dr. wortman regard* the tacm teeth na representing 
the »ncc*trnl pattern of the Mttonvx teeth and believe* the iutemal cusp or "protocone" of the 
molar* to be a secondary upgrowth of the basal cingulum like the corresponding cusp* of the 
premolar*. 2 After Wortman. 

The two great facts which apparently support this theory are : first, 
that we can actually follow the premolars passing by cusp addition from 
the haplodont into the sex i tubercular condition exactly like the molars ; 
second, that according to the <Y>pe-Osborn theory the protocones or 
reptilian cones are on the outer side of the upper premolars and on 
the inner side of the upper molars, certainly an anatomical paradox 
which has never yet l>een explained away : third, when it is further 
considered that embryogeny or ontogeny supports this inference, that 
iu the embryos of the majority of mammals the autero-external cusp 
(Osborn's paracolic) of the true upper molars is the first to develop, 
do we not secure a concurrence of testimony which seems irresistible > 

'["Origin of the Tritnbercular Molar,"] Amer. Jour. Sri., Vol. XIII., Jan. 1902. 
pp. 94-95; Vol. XVI., Nov 1903, pp. 365-368. 

,J [l>r. Matthew's recent investigations on the Meponychidn? <lo not substantiate the 
Mipposcd facts on which this argument is basetl. — En.] 
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Osborn (1904) presents New Palaonto/of/ical Difficulties in the 

Premolar Analogy Theory. 

The crucial test of the premolar analogy theory is the homology of 
the protooone of the superior molar. 

If the protocone is the antero-external cusp in the upper pre- 
molars and the antero-interual cusp in the upper molars, the premolar 
analogy theory falls to the ground, anil the Cope-Osborn theory remains 
thoroughly substantiated. From Oshorn's latest contribution (1904) to 
the tritubercular theory 1 we make the following abstract: 

In addition to the evidence afforded by the upper teeth of Tri- 
co tux I on, in which the main cone is central, and that seen in the upper 



External or maxillary net. . 




Palatal cr internal view. 



Pio. 20<5. Suporior molam of Diyottxif* Marsh. Upper Jurassic, Wyoming. A. Series of the 
left Hide, external and crown views. B. Series of the right side, external, crown and internal 
viowa. Yale Museum. <-, r, r, external and internal cingula. >. o. f. infraorbital foramen. Other 
abbreviations as in Fig. 12. (Of. Fig. 207 (2) and p. 220.) 

teeth of Pcralcstes (in the British Museum), in which the main cone is 
internal (Fig. 12), ami the upper teeth of Kurtexhm (British Museum), in 
which the main cone is internal (Fig. 13), the original theory was sup- 
ported by Professor Marsh's statement that in the upper molars of 
Dnjolestes (Yale Museum) the main cone was internal ; in each case 
the main cone is believed to be the protocone or reptilian cone. 

The two specimens here referred to in the Vale Museum exhibit 
perfectly the structure of both crowns and fangs, of seven superior 
molar teeth, bringing out the following important points (Fig. Ii06): 

(1) The molars are sharply distinguished from the premolars, which 
are bifauged teeth with simple, laterally compressed crowns. 

1 Osborn, H. F.. " Pala-ontologieal Evidence for the Original Tritubercular Theory," 
Amer. ./our. Sci., Vol. XVII., Apr. 1904. pp. 321-328. 
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(2) The molar crowns are broadly transverse or triangular, ami upon 
the internal side of each is a large, conical, pointed cusp, pr, supported by 
a large stout fang, Fig. 206 A, m6, m7 : around the inner side of each 
of these cusps is a delicate ciugulum, Fig. 206 A, e. 

(3) The external portion of the broadly triangular crown is supported 
on two smaller fangs, Fig. 206 A, m6, ml. 

(4) The external portion of the crown is depressed, and beai-s one 
large antero-external cusp 1 pa and one smaller postero-extcrnal cusp ?me 
which is either partly worn away or less pronounced in development. 

(5) Outside of this external wall there is also a faint basal cingulum, 

f*, c» 

(6) Connecting these low external cusps with the elevated internal 
cusp are two transverse ridges ; the anterior transverse ridge is higher 
and stronger than the posterior. 

This paheontological evidence appears to lend no support to the 
evidence of embryogeny that the paracone (pa) or antero-external cusp 
is the oldest cusp. On the contrary, it appears to prove that the 
pointed, conical, internally placed cusp supported upon a single stout 
fang is the main cusp or protocone, serially homologous with the main 
cusp of the simple preceding premolar teeth. 

Gulleys llcstudy (1906) of Jurassic Mammals Sitpjwts Emhryoyeny 
ami the Premolar Analogy Theory. 

It will be seen that emhryoyeny and premolar analoyy concur in 
evidence that the reptilian cone is represented in the antero-external 'cusps 
of the 8ii|>erior molars. Mr. J. W. (iidley 1 now brings jKilaontoloyy to 
the support of this position. 

His conclusions are based on a fresli study of unworn superior 
molars of Jurassic mammals in the l\S. National Museum, which were 
not accessible to Osborn. These teeth are represented in Fig. 207, 
which may l>e compared with the worn teeth of Fig. 200. 

• Gidley, J. \\\, 44 Evidence bcariug on Tooth-Cusp Development," Proc. Wa*hiii</ton 
Acatl. Sci., Vol. VIII., 1906, p. 106. 

KlUCKK -JOT. Fkom Gidi.kv. 

Nos. 1 and Id. 7V«-»»iw/om t b'wlttu Marsh (AtUiitotuiuru* Ih*U), loft upper molars, m ; and io3 ; 
crown and external views. Six times natural »i«c (No. 'Jons, I .S.X.M.). 
'.*, in, and iU. l>,yot.»t<i »p. (AtIanto*»unin l«ed»>. U-ft upper molar* ; crown, external, find 
Interior vtewn. Seven times liatural nUc (No. 2s>4.*». L'.S.N.M.X 

3. l>.»olt>t>; first ritflit up|»er molar, m> ; crown view. Kiyht time* natural wire (No. i*W, 
I'.S.N.M.}. 

4 and In. JhcroryifMioH sp. (Atlanto.sauru* W<\*\ left upper Mobm; crown and external 
vie\v». Six times natural »i/-e (No. «'71'«. U.^.N.M ). 

.», in, 'J>, and V. l'<nr,-t»i<i,\ »p. (Atlant.-sauni* beds), ri k djt lower mol.tr, nu ; crown, external, 
internal, and posterior views. Ki^lit lime* natural *i/e (No. i'i'.i, I'.S.N.M.). 

0, On, <>>-, and 6c. t PrMtomi/t *p. (Laramie U*'d«), left i)| |ht molar ; < rown, external, posterior, 
and anterior views. Kiglit times natural size (No. Mn-i, l.'.S. N. M. ). 

.*, 7a, and 76. (Jen. et. »p. indt. (l-irande Wds). left upjHr molar; crown, external, and 
anterior view*. Kt„-lit hmc# natural >i/c (No. .*>o70, I'. S. N.M.I. 
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Referring to Osborn's figures of Dryolcstf* (Fig. 206), Gidley * says: 
" Hut there are two important cusps not noted by Osborn. one an 
external cusp placed anterior to the main external cusp, the other 
a small but well-defined intermediate cusp appearing on the posterior 
transverse ridge. Thus there are five distinct cusps instead of three, 
as stated by Osboru, and these do not form a trigon in the sense that 
this term has been used, for the main external cusp is in the middle 
of the base of the triangle instead of forming one of its angles. 

" Considering the outer portion of the Dryohstcx molar as 
homologous to the three cones and two fangs of Triconothm, the 
derivation of this type of tooth is much simplified, it being not so far 
removed from the primitive reptilian condition, and though diverging 
on different lines, is no more specialized, as a whole, than the Tricomnion 
type of tooth, the differentiation being carried on more rapidly in the 
latter in the special development of the anterior and posterior lateral 
cones and their accessory cusps, while in Dnjokstes the specialization 
has apparently been centralized in the development of the high, 
narrow, heel-like cusp ami its supporting fang on the inner side of 
the molar. 

"This view is strongly supported by the evidence obtained from 
still another characteristic Atlantosaurus-beds type of molar represented 
by Dicroci/nodon. In this form, 1*1. V,t fig. 4, the same primitive 
arrangement of three cusps and two fangs is preserved iu the outer 
portion of the tooth, while on the internal side a large secondary 
cusp has been developed differing widely in character from that of 
Dnjolestf*. This cusp is a laterally compressed cone supported by two 
rudimentary fangs and is joined to the outer portion of the tooth by 
a high, wedge-shaped ridge. The base of the inner cone is greatly 
expanded antero-posteriorly, curving gently outward toward the 
external portion of the tooth. Thus the crown, as a whole, is greatly 
constricted medially with the inner and outer portions superficially 
resembling each other. 

" From these observations two important conclusions may be drawn : 
First, that, leaving out of consideration the multituberculates, there 
are among the mammals of the Atlantosaurus beds at least three 
distinct forms of upper molars representing three primitive types of 
about equal specialization apparently leading off' in entirely indejwndent 
lines. rroUibly only one of these. Dn/chsfcs, represents an ancestral 
type from which the Fpper Cretaceous ami later forms possessing 
trigonodont molars may have been derived. .Second, that the evidence 

* " Evidence Insuring on Tooth-Cusp Development," Proc. Wiuthiwjlon Arad. Sri., 
Vol. VIII.. I0OC. p. 96. 
MKig. 207.; 
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derived from the Atlantosaurus-beds mammals entirely supports the 
evidence of embryology and agrees in general with the ' pre-molar 
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Fio. 20S. [Oidlcy's] Sutjyitl-'i Phyletic Ilittor* of Two 7>;** of Complex Molart. [As III 
Osboru's diagram [see Fig. 41, p. 61 1, the solid black dots represent the cusps of the upper 
molars, the circles, those of the lower niolnrs.] 1 to ri, Phyletic history of the " Trituber- 
eular" type ; a to d, Phyletic history of the " Triconodout " tyj>o ; <, /, From the bruchyodont 
Triconodont stage to the bilohed hypsodont type of molar. 

A, B, C, S, and G compare with .(, B, (', B, and U In Osboro's diagram [see Fig. -11, p. 01 1 ; 
4, Uiyotttt't type, Atbuitohaurus beds (* Upper Jurassic) ; :> and 0, ProtolamMn or Peiitomtm type, 
taramie beds (Upper Cretaceous); </, Tncoitodon type, AtlantoBaurus beds ("-Upper Jurassic); 
/, Palitolayui type, White Klver beds (( Hlgocenc). From Gidley. 

analogy ' theory. Thus, the evidence from all sources points over- 
whelmingly to the conclusion that the primary cone is to be found 
on the outer side in the upper molars of primitive trituherculate forms 
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and in all forms derived from a tritubercular type of tooth as well, 
except where the main inner cone (protocone) has been reduced 
secondarily. The opposite view held by the tritubercular theory now 
apparently stands on very insufficient evidence, and the proposition that 
the protocone, of Osborn, represents the primary cusp is entirely without 
support. 

" The lower molars of the Atlantosaurus l>eds mammals furnish 
abundant additional evidence along the line of conclusions regarding 
the shifting of three cusps from a straight line to form the primitive 
triangle. In such forms as Dryolcstcs and Paurodm we have tritul)er- 
culate molars in the primitive or forming stage, and, what is most 
significant, the cusps resemble very closely, both in position and relative 
proportions, those of the premolars of later types in their early stages 
of transition to the molariform pattern. In the lower molars of 
Pavrofhn the crown consists of a high, pointed cusp (protoeonid), 
centrally placed, a low posterior heel, a small antero-internal cusp 
(paraconid), and a very small median internal cusp (metaconid). The 
last two form the base of the trigonid. In Dryolest.es both the trigonid 
and the punitive heel are somewhat more advanced in development. 
In still other forms, such as Mtnacotlon and Tinoilon, the two internal 
cusps are relatively large and the trigonid is fully developed, while the 
heel, or talonid, is very small or entirely wanting. In all the paraconid 
and metaconid are entirely on the internal side of the crown, and in 
these and all the material examined there is not the slightest evideuce 
of any shifting of the cusps, but they seem to have arisen in the 
positions they now occupy. 1 In Paunxlon the heel is apparently as 
much or more developed than either of the internal cusps and seems 
to have made its appearance even in advance of the metaconid. Also 
the metaeonid is still very rudimentary and is just budding oft' near 
the base of the protoeonid, but little posterior to its apex and midway 
of the entire length of the crown, while the place of origin assigned 
to it by the tritubercular hypothesis is already occupied by the 
comparatively large heel. 

" From these observations it seems apparent that the trigonid of 
the lower molars is not the reverse of the trigon of the upper molars, 
as held by advocates of the tritubercular theory, and the homologues 
of the elements of the upper and lower molars, as proposed by this 
theory, are far from being apparent. (This also accords with the 
conclusions of AYinge.) 

" The lower molai-s of Triconodon differ from any of the forms just 

1 This 18 in accord with the general conclusions on tooth cusp development reached 
by Herluf Win^e as early as 1SS2. Vidensk Meddelelscr fra den naturhist. Forening 
i Kjobeuhuvn, 18S2, p. IS. 
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described. They are composed of three nearly equal cone-like cusps 
arranged like those in the upper molars of this genus in an antero- 
posterior line. There is no cusp corresponding with the metaconid 
in Dryolcstcs. There is a continuous basal cingulum on the inner face 
of the crown, and the posterior cusp is in no way homologous, except 
in position, to the heel in the lower molars of Paurodon and 
Dryolcstcs. 

" The mammals from the upper Cretaceous Ijiramie beds show a 
great advance in development. The molars of the trituberculate forms 
of this horizon have passed into a second well-defined stage of special- 
ization which, though varying greatly in detail in the various types, 
conforms in general to a distinctive pattern which may readily have 
been derived from some Atlantosaurus-l>eds form, such as Dryolcstcs. 
An upper molar of Pcdiomys Marsh, a typical example of the Laramie 
tritubercular molar, compared with the corresponding tooth of Dryolcstcs, 
presents the following differences and indicates the principal lines of 
progression : 

"(1) The main internal cusp {protoconc) is much broadened 
antero-posteriorly ; (2) a second small V-shaped intermediate cusp 
(protoconulc) has been added; (3) the postero-external cusp (mctacons) 
has greatly increased, nearly equaling, both in size and importance, the 
median external, or primary, cone {paracolic), while the antero-external 
cusp (parastylc) has remained small and untie velo]>ed. A correspond- 
ingly progressive development marks the trigonid and heel of the lower 
molars." 

Summary and Conclusions [Gidlcy]. 

" Summing up the evidence derived from this preliminary study, the 
following conclusions are suggested : 

" 1. That the evidence obtained from the Mesozoic mammal teeth 
furnishes no support to the tritubercular theory in so far as it involves 
the position of the protocone and the derivation of the trigonodont tooth 
from the triconodont stage through the shifting of the lateral cones 
outward in the upper molars and inward in the lower molars. 

" 2. That it supjmrts entirely the embryological evidence that the 
primary cone is the main antero-external cusp, or paracom, having 
retained its position on the outside in most upper molars (see exceptions 
above, p. 124). 

" 3. That it agrees in the main with Huxley's ' premolar analogy ' 
theory, as supported by Scott. 

" 4. That the molars of the Multituljcrculates, Triconodon, Dryolcstcs, 
and Dicrocynodon, were apparently derived independently from the simple 
reptilian cone : hence the supposition follows that the trituberculate type 
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represents but one of several ways in which the complex molars of 
different groups may have been derived. 1 

" ">. That in the forms derived from the trituberculate type 
of molar the order of succession of the cusps is not the same in all 
groups, and apparently homologous elements are sometimes developed 
from different sources. Hence it follows that no theory involving an 
absolute uniformity of succession in the development of complex molars mill 
hold true for all (/roups of mammals. 

" In the foregoing pages I have restricted the use of Osborn's 
tooth-cusp nomenclature for the reason that, in this particular discussion, 
there are some cases in which it is not strictly applicable and might lead 
to confusion. 

On similar grounds Dr. Wortman 2 has expressed the opinion that all 
attempts to establish a tooth-cusp nomenclature founded on supposed 
homologies are ' foredoomed to failure ' and should be entirely abandoned 
as ' useless and confusing.' I agree with the general sentiment expressed 
(op. eit., p. ;i60) that, owing to the adoption of different plans in different 
groups of mammals for increasing the complexity of their molars, no 
terminology founded on the basis of cusp homologies can be made strictly 
applicable to all the mammalia. I do not, however, consider this 
sufficient ground for abandoning absolutely so convenient a system of 
nomenclature as that proposed by Osborn. Granting that many of the 
terms proposed are founded on mistaken homologies, it does not 
necessarily follow that they need lie in the least confusing, as suggested 
by Wortman. For in any system used, in order to make that system of 
greatest convenience and highest utility, the names once adopted should 
lie permanent and not subject to transfer or substitution on any ground 
of changed conceptions of homologies or history, for the same reason that 
generic and specific names are retained regardless of the fact that they 
may have been given to denote some supposed affinity or characteristic 
which may later have proved entirely erroneous. 

" Viewed from the nomenclature standpoint, therefore, the convenient 
names proposed by Osborn have come to assume an individuality which 
conveys a far nunc definite meaning than any purely descriptive terms, 
be they of relative position or supposed homologies. Moreover, they 
have the valuable advantages of clearness and brevity in description. 
On these grounds, in the opinion of the present writer, and for the added 
reason that great confusion would inevitably result from any change in a 
terminology that has found its way into so many publications, Osborn's 
nomenclature should be retained as originally proposed. Thus the term 

'Somewhat similar conclusions have been reached from different reasoning by E. S. 
f-oodrich, M. Time and others. 

•Amf.r. Journ. Sritnct (4), Vol. lo\ 1903, 'iOo-SGS. 
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' protocone ' always means the main anterointernal cusp of a normal 
upper molariform tooth, whether that element is regarded as the original 
primary cusp or otherwise. 

" The objection that the terms are not universally applicable is 
scarcely worthy of consideration since they are widely applicable t<> the 
great majority of mammalian molar types, without in the least interfering 
with the use of terms descriptive of ' relative position only,' which may 
be used in any cases where Oslmrn's terms do not apply." 



Aihlnnlum, /)<vrmt»r, 1900 ((frryory). 

A careful study of the excellent series of Inseetivore skulls in the National Museum, 
while fully confirming (iidley's interpretation of the homologies of the molar cusps 
(p. 124), yet does not sustain his broader conclusion that tlie jiaracone. in normal 
rritubercular molars is older than the ptotocone. 

(1) The upper molar pattern of Pntatmtjfalt (Figs. 09, 69'/), is fundamentally similar 
to that of Jf//(njale (Fig. (59 f). Its high central cusp is evidently composed of an 
enlarged anterior and much reduced posterior cusp, and these cusps have the same 
spatial and functional relations with the euajw of the lower teeth a* the para- and 
metacones of Miiogale, while the low internal cusp functions like the protocone. 
Sofrwtdnii also ha* a low internal platform like that in M>/ogale, but much reduced, 
bearing two small cusps whicli function like the proto- and hypoeoues of Afyogafe. 
The main high pointed cusp in Solent »lo» is surely equivalent to the large para- and 
closely appressed reduced meta-cone of Pot<ttno<jale. This high main cusp (pa + me) 
is evidently less specialized in Potnimxjtih' than in Solrn<«lon, OntctfA, etc., and 
further, the small basal, proto- and hypocones are in a mitre prnmtire condition in 
Sohnodon than in Centete*, where they are vestigial and now functionally replaced 
by the enlarged high para- + metacone. In ll>>)ni<^ntttn9 the true protocone has 
vanished and the teeth jmrallel the caruassials of Carnivont (p. 137), where the 
protocone is likewise secondarily reduced. 

(2) Thus, contrary to the more usual view, the " trituben uly '' of Ceuttte* and 
Chntsothlttris is a secondary acquirement or f>x>>itdotritni><>rr>iti/ 1 and the fact that 
the high main cusp (pa + me) in Cruttrtex develop* in ontogeny more rapidly than the 
vestigial internal ledge, or protocone, does not prove that in Potamooale, Myogale, 
and in normal trittibeicular molars the outer cusp (paracolic) apjieared phylogeneti- 
cally earlier than the internal cusp (protocone). 
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Fi<i. SS09. Internal view of the Hvrl»t tipper Wid lower cheek teeth of the ZaUmModont 
Insectivorc Cnt t-t (No. I), the Marsupial lt >l i,>hy» (No. J), the Ddambdodont Inscctivore 
AV< >•«<■' m* (N'<>. 3) and the Titanothcmid Ungulate 7V f..io(A< i itu.i (No. 4). The main internal cusp 
(pr) i* apparently homologous in No*. 2, 3, 4. since it tit» Whind the tuctaconid Into the ba»in of 
the tahmid, while the hy|«M - inie (when dcvclujied) fits into the Imstn of the trigODtd (N'«v 3, 4); 
hut in No. 1, when the mandible i*. correctly articulated, the main upper eunp .■<►/ tit into the 
small taloiiid (')like a normal protoeone. hut is somewhat external to it, and occupies the position 
of an inwardly grown |Miraconu. (See Addendum, p. — Kf>.) 

ft = protoeone. 

Ii hypocone. 

m = metae«>nid. 

t talonid. 
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Conclusion ( Odor it ). 

It must not be understood by the reader that the author of this 
volume is doggedly maintaining a theory of the origin of the upper 
molars, in which he has had a part, simply from personal reasons. 
On the contrary he believes the question to be still sub jiulicc and 
will be the first to acknowledge his error — if error it prove to be. 

The author moreover feels the full force of the very strong evidence 
arrayed against the Cope-Osborn view. The evolution of the upper 
molars is certainly not so simple as it at first appeared. It was 
never maintained by Osl>orn, as is proven in his full series of 
]iaj»ers here reproduced, 1 that the molar of Triconoilon (Fig. 11a), 
gave rise to that of Ih-yoledes (Figs. '206, 207, Nos. 2, 3), or even 
that all mammals passed fully into a triconodont stage, such as that 
of Amphilcstes (Fig. "•). The starting point of the superior molars 
was supposed to be an extremely primitive triconodont type either 
with the cusps in line or with the pattern of molars of the 
Spalacothtrium (Fig. 11) type inverted as shown in J'rralestes (Fig. 12). 

•See pp. 8, .13. 
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R ECTK ill A D ATIONS AS A RESULT OK LATENT OR POTENTIAL 

HOMOLOGIES IN THE TEETH. 

I>Y rectvp-adations I refer to the origin of new cusps or euspules which 
appear dcterminatcly, definitely, orthogenetically in both the upper 
and lower teeth — quite iwlcpcndcntly in different orders of nianimals, 
and separated perhaps by vast intervals of time. 

There is some law of praiwjmition operating liere. If it, were 
not for this law the cusps of the teeth of mammals would present 
an infinite variety of origin, whereas they actually present a singular 
uniformity of origin except in the multituberrulates and other possible 
exceptions noted in the preceding ehaptoi-s. It is the modelling of 
the cusps after they appear which gives the infinite variety. 

We do not know what conditions this " law of predisposition " : 
we only see evidence of the influence of community of origin or 
hereditary kinship. 

In 1902 I supposed this law was what E. Hay Linkester meant l»y 
Hornoplasy, as shown below, but it appears from his letter cited lielow 
(p. 239) that I was mistaken — Lankester's lunnoplaay is iqnivohnt to 
analogous evolution, to parallelism, or conn rgencc. 

1. HoMOl'I.ASY AS A l-AW <>F LVIKNT 01! l'OTKNTI AL Ho.MoLOC Y. 

(Reprinted under the title given aliove from The Americon Xotxralist, Vol. XXXVI.. 

April, Um-i, No. 424, pp. 250-271.) 

My study of teetli in a great many phyla of Mammalia in pant times has con- 
vinced ine that there are fundamental predispositions to vary in certain directions; 
that the evolution of the teeth is marked out beforehand by hereditary influences 
which extend hack hundreds of thousands of years. These predisposition* are 
aroused under certain exciting causes ami the progress of tooth development takes 
a certain form converting into actuality what has hitherto been potentiality. 

Sco nce, N.s., Vol. VI., No. 146 (Oct. 15, 1897), pp. 583-587. 

In previous communications, as shown in the above quotation, I 
have spoken of the " potential of similar variation,'' as covering cases 
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of the indej>endent evolution of identical structures in the teeth « »f 
(liferent families of mammals, especially in relation to the homologous 
" an tec rochet " and "crochet" folds in tlie teeth of horses, rhinoceroses, 
and we may now add, of titanotheres (Osborn, '94, p. 208). In the 
present communication I propose to treat somewhat more fully of 
the same phenomenon, as a special form of homology which has been 
clearly defined by Lankester in 1874 us hbnwplasy, but into which 
paleontology lias brought the idea of 41 potential." 

TlIK Bko.\1> SkiNIKMAXCK OK ASAUMiY. 

We are familiar with the classic distinction of analogous organs 
as having a similarity of function: analogy (Owen, '48, p. .^74), "a 
part or organ in one animal which has the same function as another 
part or organ in a different animal " ; 
Lmkester (70): "Any two organ* 
having the same function are analogous, 
whether closely resembling each other 
in their structure and relation to 
other parts or not : and it is well 
to retain the word in that wide 
sense." Analogous organs mav or 
mav not be homologous. 41 Analogy " 
is therefore an extremely broad and 
comprehensive term, and it appears 
that we must include under it all 
castas of the similar evolution of organs 
either of common or of different origin 
due to similarity of function. For 
example, the " analogous variation " 
of Darwin, tfie " homoplasv " of 
Lankester in part at least, the "con- ?X£S£™Z "'SStuev^ SCSSl: 
vcrgenz" of German writers, the C^,£^^^ 
" homomorphy " of Furbringer, the 

" heterology," " parallels," and " parallelism " of Hyatt, of Cope ('08, 
also Origin of the Fittest, p. 9G), of Scott, and of most American 
writers, are all illustrations of analogy and may be very misleading 
as to homology. 

As Scott observed in 18'Hi, "Parallelism 1 and convergence of 

'The term " |Mualleliam " was employed by Cope in his esaay of 186S on the "Origin 
of Centra " (reprinted in the (h-iijin of ih> fittest) in two quite different senses: first, 
in relation to recapitulation in ontogeny,-- " Those which accomplish less [stages] arc 
jKtrall'.l with the young of those which accomplish more (stages!": second, quite in the 
modern sense io/t. <it., pp. 90- 104) of independently acquired resemblances in different 




Fi-i. -.'10. Fourth upper premolar aud fir»t 
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dovelopment arc much more general and important modes of evolution 
than is commonly supposed. ?>y parallelism is meant the independent 
acquisition of similar structure in forms [ix., animals] which are 
themselves nearly related, and by convergence such acquisition in 
forms [i.e., animals] which are not closely related, and thus in one or 
more respects come to be more nearly alike than were their 
ancestors." 

The term " homoplasy " (Lankester) has been long used by the 
writer and others in a somewhat similar sense, but it is not equivalent 
cither to "parallelism" or "convergence.'' As will be seen below, 
the fundamental idea is different, because homoplasy always involves 
homology, while parallelism and convergence may or may not involve 
homology. 



Analogous Variation (Darwin). Similar congenital variation in more or less 
distantly related animals and plants. 
^ Parallelism. Independent similar development of related animals, plants, 
2 and organs. 

^ - Convergence. Independent similar development of unrelated animals, bringing 
j£ them apparently closer together. 

Ilomf/plasi/ (Lankester) (/ Ilomomorpht/, Fiirbringer). Independent similar 
development of homologous organs or regions giving rise to similar- 
new parts. 

In brief, analogy embraces similar changes due to similar adaptation 
in function both in homologous and in non-homologous organs, both in 
related and in unrelated animals. 



Owen ('43, p. 379;, Lankester 70 ), and Fiirbringer have especially 
defined and elaborated the very ancient conception of homology, as 
employed by Oken, Geofl'roy St. Hilaire. and Vicq d'Azvr: homology 
i Owen, '4 .'■»;, "the same organ in different animals under every variety 
of form and function"; homoyniy i Lankester, '70): "Structures which 
are genetically related, in so far as they have a single representative 
in a common ancestor, may be called homogenous." E. R Wilson ('9"», 
pp. 101-124) has shown that 'Aic comparative anatomical test of 
homology is more reliable than the embryological. Gegenbaur ('98, 
pp. 23-25) has given a full presentation of the distinctions as the 
basis of comparative anatomy: in his recent great work ("98, p. 23 

groups. As employed by Scott in his essay "On the Mode of Evolution in the Mam- 
malia" ('91, pp. IKW-.'MiT), "parallelism*' is used in a very broad sense as affecting the 
skeleton and teeth, on the principle "that identical modifications of structure, con- 
stituting evolution of types, have supervened on distinct lines of descent." as embraciug 
not only single characters but whole series of them. 



Analogy in Evolution. 



Thk Limited Sh;nifi<ani e ok Homology. 
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he presents the matter in terms which may l>e briefly analyzed witli 
the usages of other authors, as follows: 

I. Homology. Gknekal : as of vertebrae and limbs. 

1. HOMoTvrv : as of opposite limbs, eyes, kidneys, etc. 

2. noMonvNAMV : (in jiart the "general," in part the "serial;' homology of 

Owen; the " meriatie " homology of Bnteson). ( 'orresjionding limbs, 
parts, segments (e.//., the humerus ami femur) on the same side of the 
body. 

3. iio.moxomy : parts which are in the same transverse axis of the body, or 

on only one section of the longitudinal axis ; e.g., the rays of the fins 
of tislies, the single fingers and toes of the higher vertebrates are 
homonomous organs. 

II Homui.ooy, Special: (the " homogeny of Lankester). 

1. complete 110M01.0CY of elements which have retained their relations un- 
changed, as of single hones from the Amphibia to the Mammalia. 
■1. incomplete homology, as of organs which have either gained new parts 
or lost certain of their jwrts. 

a. tb feitiff, as in comparison of tins of teleosta and of selachians. 

b. augmentiitiie, as in the heart of cyclostomes and of the higher vertebrates. 

<■. imitatice, as where different vertehiie connect with the ilium and become 
sacral. 

III. Homomokthy (Fiirhringer) : from these homologies certain structures are to 
he distinguished as honttmorphtc which are more or less similar to each 
other hut stand jn no phylogenetic connection. 1 
//<onomorp/t>/ comes nearest, as we understand it, to the " homoplasy " of 
Lankester, but the latter term has the priority of definition. 



Distinction bktwkkn HnMouKXors and Homoi-lashc Okcans. 



In the strictest sense, special or genetic homology, the " hoiimgeuy " 
of Lankester, is the only absolute homology. For example, in all 
four-limbed vertebrates, or Tetra- 



metacone 



poda (Credner), the first and 
second phalanges of the tibial 
digit or hallux arc homogenous: 
the earliest tetrapods had such 
phalanges, so far as we can judge 
frmn both paleontology and em- 
bryology, and all others are deri- 
vatives. 

Hut suppose we should dis- 
cover that these tWo phalanges Fi«i. 111. Ideal cm)>ry«iiit- ground plan of i'liiuoccr«« 
, , . . ... i , ' • molar, showing relation <>( |>riinitivo nwjm to thu fol<l.« 

had originated independently in »»<i m-»u 
several dilVerent classes of verte- 

l»rates, and were not derivatives: should they then be considered analogous 
or homologous i "Again," says binkester (70), "it may perhaps be 

1 Literally translated from (iegenhaur. 




^..parastyle 
Q)~"fr~ -poracone 



---protoconu/e 



protocone 
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admitted that the common ancestors of the Osseous Fishes and Mammalia 
had a skull of decidedly undifferentiated character, with a much less 
amount of differentiation than is ohserved in the skulls of either (if 
these groups. It is only in so far as they have parts represented 
in the common ancestor that we can trace harnoyny in these groups ; 
and yet the homology of a vast numlier of bones in the skull of the 
two is discussed and pointed out.'" Suppose, accordingly, that in the 

formation of dermal roofing 

par aeon e 

metacont 



parastyle-ff. 

pre/ossette 

antecrochet • 
protocone 




crochet 
post/ossettc 



Vu.. 212. Molar tooth of »n l'\>\>vr Miownu rhinoceros 
(T'l'orrntt), showing origin of secontliiry foldv 



1 »oues in different orders of 
lishes a pair of Ikuics corre- 
sponding in position to the 
parietals should arise inde- 
pendently, or that in the 
evolution of the teeth cusps 
should arise independently 
having the same form and posi- 
tion, — what criterion should 
he applied ( All such struc- 
tures are habitually regarded 
as homologous, yet it is apparent that they are not derivatives of each 
other and therefore not homogenous or homologous in the strictest 
sense. 

Such cases of independent evolution of apparently homologous organs 
I recently proposed 1 to signify as potential, or latent homology, borrowing 
the term " latent " from Galton as indicative of a germinal rather 
than of a patent or adult character, ami the physical term "potential" 
as expressing the innate power or capacity to develop a certain organ, 
lint my colleague, Prof. Edmund B. Wilson, pointed out to me that 
such cases were almost exactly covered by the original definition of 
the word " homoplasy " by Lankester ('TO, p. 42), as shown in the 
subjoined quotations from his essay: 

When identical or nearly .similar force*, or environments, act on two or inure 
parts of an organism which are exactly or nearly alike, the resulting modificatit>nn"- 
of the various parts will be exactly or nearly alike. Further, if, instead of 
similar j>arta in the same organism, we supjmse the same forces to act on part* 
in two organisms, which parts are exactly or nearly alike ami sometimes homo- 
genetic, the resulting correspondences called forth in the several part* in the 
two organisms will be nearly or exactly alike. I propose to call this kind of 
agreement homoplastic or homoplasy. 3 . . . What is put forward here is this : that 
under the term ''homology,'' belonging to another philosophy, evolutionists have 

1 In a communication before the National Academy of Science, Nov. 13, 1901. 
1 Italics are mine. 

1 At this time Lankester accepted Herliert Spencer's Lamarckian views. Subsequcntl} 
he abandoned the mechanical inheritance theory for the pure natural selection theory 
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described and do describe two kinds of agreement, -the one, now proposed to 
be called " honiogeny," depending simply on the inheritance of a common |>att ; 
the other, proposed to be called " homoplasy,'" depending on a common action of 
evoking causes or moulding environment on such homogenous parts, or on parts 
which for other reasons offer a likeness of material to begin with. 

Homology thus includes 

It follows that subsequent writers, including myself, have misused 
the term " homoplasy," confusing it with "parallelism" and "con- 
vergence," which, as we have seen, may affect absolutely non-homologous 
structures. Homoplasy should be confined to structures in which there 
is an element of homology. 

Independently of Lankester (that is, not familiar with his pa|>er) 
I had therefore reached a similar conclusion tluough years of observation 
in paleontology. I would now like to expand an idea which he also 
lightly suggested in 1870 in the words, "or on parts which for other 
reasons show a likeness of material to begin with." 

The Law of Homoplasy as in L'art Identical with Definite 

OH Determinate Variation. 

As observed in the evolution of the teeth especially, homoplasy 
appears to l>e of very great importance, not on the technical grounds 
of uniformity in nomenclature, but because it seems to coincide with 
the principle of definite oi determinate evolution, a principle which 




Vut. 213. Su|»erior molars of primates. Anaptranorphaa u> Homo, showing Independent or 
homoplastic origin of the hy|»oeone, from the c-inguliim. 

may be of wider application. 1 From the time of the "Origin of 
Species" it has been admitted that evolution, so far as it depends 
upon variation, is not in every possible direction, but is limited to 
certain changes, the expression of certain hereditary or constitutional 
causes which we do not in the least understand. The evolution of 
the teeth of mammals enabled me in 1880 to give many concrete 

1 See especially the correspondence of Darwin and Asa Gray ; also Osborn, The 
Pala-ontolojiical Evidence for the Transmission of Acquired Characters, Xuturt, Jan. 9, 
1S90; the Orthogenesis and Orthoplasy of Kimcr, Lloyd Morgan and Baldwin ; Baldwin's 
Dictionary of Philosophy and P«ycholo<jy, Vol. I., p. 243. 



J Homoplasy. 
( Honiogeny. 
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illustrations of this principle and to show that variation is hardly 
the proper term to apply to rudiments which do not arise in a 
variable hut in a tixed manner. 

1 1 appeare that von Waagen suggested the term "mutation" foi 
immeasurable variations somewhat similar to these. Scott in 1891 
('91, p. 388) puraued the idea further in the following striking passage: 
"These facts at least suggest the possibility that individual variations 
are not incipient species, but that the causes of transformation lie 
deeper, and act with more or less uniformity upon large numbers of 
individuals. It may, perhaps, be the outcome of future investigations, 
that while variations are generally due to the union of changing hereditary 
tendencies, mutations are the effect of dynamical agencies ojieratiiig 




Fi«.. SU. Superior molar* of primates. .-I, Adapt* '• *» MfOptodw, Netkarettu. Showing 

homoplastic cusps, Ajr, ml, p*, m$, tut*. 

long in a uniform way, and the results controlled by natural selection. 
While this may be true, a great many facts must l>e gathered in iLs 
support, before it can be regarded as more than a suggestion.' Scott 
subsequently, in his article " Variations and Mutations," expanded this 
idea: " liateson's results, as compared with those of paleontology, confirm 
this distinction in many significant ways and emphasize strongly the 
difference between variation and that steady advance along definite 
lines which Waagen called mutation." This paper in turn is said to 
have influenced tie Vries's recent work. I>i< Mutationsthiorit. 

It is a singular coincidence that the human teeth were selected 
by both Kmpedoeles ami Aristotle to test the " survival of the fittest " 
rcrsvs the purposive or teleologies! theory of evolution. I pointed 
out ill the pajx*rs alnive referred to Osboin, '89, pp. 561-566; °0) 
the significant fart that new cusps of the molar teeth do not appear 
at random, but at certain definite points : that they are at first so 
minute that they can barely lie perceived, so that it is difficult to 
theoretically assign them a survival value in the struggle for existence: 
that the mechanical or Limarckian explanation is the only one which 
can be offered : 1 I laid the chief stress, however, not upon the 
mechanical explanation, but upon definite or determinate origin, and 
this has been confirmed by the subsequent study of thousands of 

1 Ryder an<l Cope confidently advanced t lie mechanical explanation ; it is not 
without grave difficulties, owing to the lack of an heredity theory. 
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teeth in different families of mammals. The still more significant 
fact that this definite and determinate evolution was proceeding 
independently in a great many ditt'erent families of mammals did 
not at the time impress itself so strongly ii]mui my mind. 

If molar teeth are found independently evolving in exactly similar 
ways in such remote parts of the world as Switzerland, Wyoming, 
and Patagonia, it is obvious that the process is not governed by 
chance hut represents the operation of some similar or uniform law 
deduced from the four following considerations: 

,'. ; Firstly, the teeth (litter from all the other tissues and organs of 
the body in heing preformed. beneath the gum. 1 Unlike all other 
organs they arc not modified, improved, or rendered more adaptive 
by use: on the contrary, after the first stage of wear, the longer 
they are used the more useless and less adaptive they become. 




Km. 215. Supcrinr molar <>f M,rueh,pp«>, showing style* /», mm, >»ts, and conulex pi, ml, 
homoplastic with those of the wholly unrelated primate iii.'lar. Fit,'. C. 

Thus, new structures in the teeth do not first appear as mollifications 
(as distinguished from congenital variations) in course of life, as is 
so often if not invariably the case with new structures in the 
skeleton. New cusps, folds, crests, and styles are invariably con- 
genital. Thus, of all organs of the body the teeth most exclusively 
and purely represent the current of stirp, germinal, or constitutional 
evolution. 

Secondly, the teeth are, nevertheless, among the most progressive 
organs in the body. Whereas the adaptation of the skeleton, among 
the mammals at least, is by a constant loss or numerical reduction 
of parts, the adaptation of the teeth is by a constant addition and 
modelling of parts (OsImhii, '88, pp. 1067-1079) 

Thirdly, according to the present paleontological evidence many 
of the different families and orders of mammals diverged from each 
other at a time when they possessed three cusps on the upper molar 
teeth and from three to five cusps on the lower molar teeth. This 
being the case, only the cusps comparable in ditt'erent orders of 

•The importance of this fact was rirst pointed out to me l>y Prof. E. B. Poulton 
of Oxford. 
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mammals with these original three upper ami five lower cusps are 
derivatives or homogenous. 

Fourthly, it follows that the new cusps of the teeth furnish an 
example of homoplasy independent of the individual modification. 

Thus, we may say that in the teeth at least homoplasy hirolrt.s 
a law of lot nit or potential homology, without professing to understand 
what is its significance. 

We should, a priori, expect that if additional cusps were added 
independently in different families ami orders of mammals in different 
parts of the world, under highly different conditions, the teeth of the 
higher Mammalia would present very great diversity. As a matter 
of fact, the new cusps in different families are absolutely uniform up 
to a certain limit. 1 In the twenty-three orders of placental* and in 
the seven marsupial families, many of which are adaptively equivalent 
to orders, the independently developed fourth to eleventh cusps of 
the upper molars, if so many are developed, are uniform and may 
l>e termed homologous; the eight cusps and folds succeeding the 
original homogenous three arising, if at all, at similar points and 
presenting a latent homology or homoplasy. The record in the upper 
molar teeth stands thus : 

Homology. 



HOMOUK.N Y 

Primitive three cusps common to all 
mammals. 

Pr< >tocone 

Panicone 

Metaeoiie 



HOMOPLASY 

Cusps or folds which are or may be 
independently developed in different 
orders. 

Hypoeone 
Metaconule 
Protocol) ii I e 
Parastvle 
Mesostvle 
Metastyle 
Protostyle 
Hypoatyle 

This expresses the comparison of mammals as a whole. Within 
many of the orders, such as the l'erissodactyla, which arise from six 
cuspcd ancestors, the homology is different. 

Homology. 



UOMOGKNV 

Protocone 

Paracolic 

Metacone 

Hypoeone 

Protoconule 

Metaconule 



HoMol'LASY 

Parastvle 
Mesostyle 
Crista 
Crochet 

Anted ochet. etc. 



1 The excess of this limit is in imiltituberctilistn, or polybunodonty, where cuspule« 
are indefinitely multiplied. 
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The elements to which these terms are applied are ljest exemplified 
in the molar teeth of some of the primitive horses (Fig. '21 o). 

Tin 1 teeth are hv no means the onlv structures which evolve 
under this principle, the skull, vertebral column, and limbs also 
evolving under it mom or less completely : but the teeth afford a 
singularly beautiful illustration of it because they exclude individual 
modification. 

The chief object of this communication is to enforce the recognition 
of homoplasy as something which must be accounted for. These 
homoplastic cusps do not arise from selection out of fortuitous varia- 
tions, liecause they develop directly and are not picked from a numlier 
of alternates. Neither does it appear that the mechanical-inheritance 
theory, if granted, would produce such a remarkable uniformity of 
result. We are forced to the conclusion that in the original trituber- 
cular constitution of the teeth there is some principle which unifies 
the subsequent variation and evolution up to a certain point. Herein 
lies the appropriateness of Lmkester's phrase, "a likeness of material 
to l>egin with." 

Philosophically, predeterminate variation and evolution brings us 
upon dangerous ground. If all that is evolved in the Tertiary molar 
tooth is included in a latent or potential form, in the Cretaceous molar 
tooth we are nearing the emboi/ement hypothesis of lion net or the 
archetype of Oken and Owen. Embryologists have recently gotten 
into the same dilemma, and my colleague, AVilson, has proposed to 
drop the idea ' homology " altogether and substitute the idea 
" equivalent." In the present case, however, I think we have to deal 
with homology, or. more strictly, with a principle ink modiate bit ween 
homology and analogy. 

In a paper recently read before the American Morphological Society 
(December, 1901), this author has urged the necessity of adhering 
as closely as possible to the historical standard in the embryologieal 
study of homology, ami of avoiding the use of the term "homology" 
when this standard is not available. He therefore suggests for 
descriptive purposes the use of the non-committal terms "equivalent" 
and " homoplastic," the former being applied to embryonic structures 
of like fate (?>., giving rise to homologous parts , the latter to those 
of like embryonic origin. The only decisive test of the homology is 
historic community of derivation i.e., homogeny;. 
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1. LANKKSTKIS'S KkH.Y T<> TIIK I'KKCKDIMi A KTH I.K. 

Dr. K. Hay Lankester demurred from Osliorn's interpretation of his 
(letinition of " honioplasy " as shown in abstract in the following letter : 

". . . . Honioplasy does not demand an element of homology. I 
expressly say ' homogenous parts or jwirts which for other reasons oiler 
a likeness of material to begin with.' That alternative entirely 
destroys your contention. 1 recognized (as hitherto comhined under 
one term ' homology ') only homogeny — or hereditary quality — and 
honioplasy or moulded non-heredity quality. The 'likeness' due 
' to other reasons ' than homogeny — al>oYe spoken of — cannot lie homo- 
geny. The 'likeness' which clearly enough is included and pointed 
to in the whole paragraph — as favouring the action of honioplasy — is 
cither a likeness of true homogeny (that is of form and relation 
inherited), or a likeness of similarity in material, in jmsition. or in 
initial form — not due to dose homogeny — but possibly a likeness of 
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such a general character as the 'likeness of material ' (not of elaborated 
form and parts) in two epidermal surfaces. Tims the lieak of the 
bird and of the Untie might he developed homoplastieally from a 
common ancestor's snout which had no lieak — hut in 1 m >tli the bird- 
line ami the turtle-line horn-producing epidermis is the chief material 
brought into greater development. 

" So in the bi-ehanibeied hearts of bird and mammal the vuUrrial 
is muscular tissue and the peculiar muscular tissue of the heart. 

" I should like to know what cases of ' conveiwnce ' vou can cite 
in which there is not some remote homogeny as to the tissues at 
work, which is a totally different thing from inherited community of 
the sprciul form considered. Vou would not call a four-chambered 
seed-vessel and a four-chambeied heart cases of convergence nor of 
homoplasy ! (except in the very remotest degree which if entertained 
makes all shape and structure in a minimal degree homoplastic with 
all other). Can you name cases of convergence 01 parallelism which 
are not covered by the definition I gave of homoplasy < What organs 
are parallel in any two animals and yet have no likeness at all — even 
the most general — in their materia!. 

" Yours sincerely, 

" K. Kay Lankkstkk. 

" P.S. — Every living thing owes its properties to homogeny, that 
is to say, its fundamental properties to a homogeny common to it 
with all other living things, and as you run down group within 
group there must be a more and more specialized homogeny affecting 
members of smaller and smaller groups. 

" But this factor can be detached in our consideration of structure 
from the homogeny of actual completed form and mechanism. The 
one is much more remote and less specific than the other; and they 
need to be given each its due rank ami place; not to be confused." 

'6. Contu sion (Oswmx), 11)00. 

The newly and independently arising cusps, described alwve as 
' homoplastic,' should be described as nrti^rad.afium* 

* The term ' rectigradation ' was defined in Srinirt, vs., Vol. XXI.. June *2'{, 19U."» t 
p. 961, as follows: "Fourth, rtctiymdntiuu, a new term with which I propose to charac- 
terize what in the year 18S!» I described as 4 definite variations' ; it embraces changes which 
many writers have described as ' orthogenctic,' under the supposed law of direct change, 
usually in an adaptive direction, which is described as Orthogenesis ; these probably are 
the 'mutations' of W'aagen." 
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